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2. This REPORT consists of a total of . 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.1 6 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of _ 



1 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
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Certain defects in the international application 
Certain observations on the international application 
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Form PCT/IPEA/409 (cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



^national application No. 

PCT/DE99/03389 



1 1. Basis of the report 

i i. With regard to the elements of the international application:* 
[ — [ the international application as originally filed 
the description: 

pages 

pages m . 

pages 



1-6 



, as originally filed 
filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 



, as amended (together with any statement under Article 19 

, filed with the demand 



1-6 



filed with the letter of <* November 2000 (08.11.2000) 



the drawings: 

pages 

pages 

pages 



1/3-3/3 



, as originally filed 



filed with the demand 



, filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 



, filed with the demand 



_, filed with the letter of 



2 With regard to the language, a., the elements marked above were available or furnished to this Authority in the language in which 
1 the m Sona application was filed, unless otherwise indicated under this which is; 

These ekments were available or furnished to this Author.ty m the following language _ 

□ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of the translation furnished for the purposes of Internationa, preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing. 

| | contained in the international application in written form. 

□ filed together with the international application in computer readable form. 
| | furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 



4 



□ 



The amendments have resulted in the cancellation of: 

| | the description, pages . 

[ | the claims, Nos. _ . 

| | the drawings, sheets/fig . 



n This report has been established as if (some of) the amendments had not been made since they have been considered to go 
5. l_l beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



| ** Zty 7 replacement sheet containing such amendments must be referred to under item 1 and annexed to this report 



to 
16 



Form PCT/IPEA/409 (Box I) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



It^ptional application No. 
PCT/DE 99/03389 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement _ 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (LA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-6 



1-6 



1-6 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 



i) 



2) 



3) 



This report makes reference to the following 
document : 

Dl: US-A-3 518 461 (MARKS ALVIN M) 
30 June 1970 (1970-06-30) 

The solution proposed in Claim 1 of the present 
application can, in principle, be regarded as 
inventive (PCT Article 33(3)). 

The combination of features defined in the 
characterizing portion of independent Claim 1, namely 

that 

the method steps for separating the charges are 
carried out inside the internal volume of a heat 
exchanger tube , 

the charge separation and the charge displacement 
being achieved with the aid of the directed gas 
flow of the heat exchanger tube, 
said gas flow entraining a working body and 
conveying it for the purposes of charge separation 
and displacement to the other working body 



• • • / • • • 



Form PCT/1PEA/409 (Box V) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Ii^^ptional application No. 
PCT/DE 99/03389 



(Continuation of V.2) 

is neither known from, nor suggested by, the 
available prior art. 

3.1 The problem to be solved by the characterizing 
features of Claim 1 would therefore appear to 
be to use a 



heat exchanger tube for charge separation in 
order to provide an alternative solution to the 
device known from Dl, in which (Dl) the medium 
to be ionized is injected from a pressurized 
container into the gas flow of a carrier gas. 

The solution adopted in the present application 
therefore results in a technically more economical 
procedure . 



Form PCT/IPEA/409 (BoxV) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Inb^ptmal application No. 
PCT/DE 99/03389 



VIL Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 



The so-called "discussion page" subsequently filed by 
the applicant was taken into consideration using 
reference sign - 7 - in the examination according to 
PCT Rule 6.2(b) . 



Contrary to PCT Rule 5.1(a) (ii), the description does 
not cite document Dl or indicate the relevant prior 
art disclosed therein. 



Form PCT/IPEA/409 (Box VII) (January 1994) 



DR. A.LUCHINSKIY 



0671 3 



DECLARATION 



(PCT/DE 99/03389 



Application Number 09/830,017) 



-JUL-0 1 is: 35 



DR , 



LUCH I MSK I V 



0671 35554 



ENCLOSURE 



EXPLANATION TO AMENDMENTS 

There was not made any changes in the text of the claims wording. 

At request of PCT preliminary examinator the ciphers were inserted in text, 

which are references on the drawings. 



Next sheets: 

a) amended claims (from preliminary examination report from 20.12.00); 

b) not amended claims; 

c) amended claims, where changes (inserted ciphers) are indicated with circl 



27-JUL-01 18:36 



DR. A.LUCHINSKIY 

— A - 



0671 35554 



S . 06 



DE 009903389 
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P ATENTANS P ROC HE 



1 

du- 
Kr 



: -ren 



zur Erzeugung elektrischer F.nergie, bei dem l.adungen zwischen 
-tfitskarpern triboelektrisch oder elektrostatisch getrennt, die l.adungen 
. -rschiebung von Arbcitskorpern unter Einwirkung SuOerer Krafte 
„.k- entfernt werden, wobei die auBeren Krafte gegen die Coulomb 
•beit leisten, und die Ladungen auf Elektroden gefUhrt werden, 



cia ~> 



\; gekennzeichnet 



din 
err- 



Ar 



Ai- 



de 



6 

G:.: 



*enannten Verfahrensschrine inncrhalb des Innenvolumens einer 

obei die Ladungstrennung und die 



(!) durchgeruhrt werden, w 
.erschiebuna mit Hilfc der gerichteten Gasstromung der Warmerohre 
weiche den einen Arbeitskorper (7) mitfuhrt und ihn zur 
Verschiebung an dem anderen Arbeitskorper (6) 



•i rennung 
bn. 



und 



Hhren nach Anspruch 1, dadurch gekennzeichnet daB der eine 
.orper in der Gasstromung mitgefuhrte Flussigkeitspamkel umfasst. 

■ a ,ren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da(3 der eine 
k, : ,rper (7) ein von der Gasstromung durchstromtes Netz umfasst. 

Vhren nach einem der Anspruche 1 bis 3, dadurch ^6^^^^^..^ 
■k-r- Arbeitskorper (6) innerhalb der Warmerohre (1 ) etwa an de. Pos.t.on 
. «-ir Stromungsgeschwindigkeit angeordnet ist. 

■= .*ren nach einem der Anspruche 2 bis 4, dadurch gekennzeichnet, daB 
' igkeit zur Bildung der Flussigkeitspartikel riickgewonnen wird. 



,w r en nach einem der Anspruche 1 bis 5, ^^^^"^^^ ^ 
Arbeitsflussigkeit (3) der Warmerohre (1) und des Generators (2) em und 
,• Flussigkeit verwendet wird. 



GEAENDERTES BLATT 



27-JUL-01 18:37 DR- A.LUCHINSKIY 



PATENT ANSPRftCHE 

1 Vertahren zur Erzeugung elektrischer Energie, bei dem Ladungen zwischen 
zva ei Arbeitskorpern triboelektrisch oder elektrostatisch getrennt, die Ladungen 
climb Verschiebung von Arbeitskorpern unter Einwirkung auBerer Krafte 
voneinander entfernt werden, wobei die aufieren Krafte gegen die Coulomb 
Km ft Arbeit leisten, und die Ladungen auf Elektroden gefuhrt vverden, 

dadurch gekennzeichnet 

datf die genannten Verfahrensschritte innerhalb des Innenvolumens einer 
W3r!nohre durchgefiihrt werden, wobei die Ladungstrennung und die 
I adungsverschiebung mit Hilfe der gerichteten Gasstromung der Warmerohre 
erloiuL welche den einen Arbeitskorper mitfuhrt und ihn zur Ladungstrennung 
und V erschiebung an dem anderen Arbeitskorper vorbeifiihrt. 

2. Vertahren nach Anspruch 1, dadurch gekennzeichnet, dafi der eine 
Arbeitskdrper in der Gasstromung mitgefuhrte Flussigkeitspartikel umfasst. 

3. Vertahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dafl der eine 
Arbeitskorper ein von der Gasstromung durchstromtes Netz umfasst. 

4. Vertahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, &Sr 
der andere Arbeitskorper innerhalb der WarmerShre etwa an der Position 
maximaler Stromungsgeschwindigkeit angeordnet ist. 

5. Vertahren nach einem der Anspruche 2 bis 4, dadurch gekennzeichnet, da/5 
die Hussigkeit zur Bildung der Flussigkeitspartikel riickgewonnen wird. 

6 Vertahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB 
ak die Arbeitsflussigkeit der Warmerohre und des Generators ein und dieselbe 
Fltfssigkeit verwendet wird. 



9671 35594 



s - ST 



27-JUL-Q 1 18:38 
be- 1' J ^UU* 



DR. A.LUCHINSKIY 



067 1 35594 



S . 0 3 



DE 009903389 
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P ATEN1 ANS P ROC HE 



vhren zur Erzeugung elektrisrher F.nergie, hei dem l.adungen zwischen 
citskorpern triboeJektrisch oder elektrostatisch getrennt, die l.adungen 
• -*rschiebung von Arbcitskorpern unter Einwirkung auflerer Krafte 
•nder entfernt werden, wobei die auBeren Kra'fte gegen die Coulomb 
be it leisten, und die Ladungen auf Elektroden gefuhrt werden, 



da ! i i h gekennzeichnet 



d " ! ' genannten Verfahrensschriae innerhaib des Innenvolumens einer 
V^. (Qpdurchgefuhrt werden, wobei die Ladungstrennung und die 

L.u ^erschiebung mit Hilfe der gerichteten Gasstromung der Wannerohre 
en. welche den einen Arbeitskorper (m) mitfuhrt und ihn zur 

Lj« frennung und Verschiebung an dem anderen Arbeitskorper 

vi)i • hti VJl^ 



ahren nach Anspruch 1, dadurch gekennzeichnet, da!3 der eine 

An -korper in der Gasstromung mitgefuhrte Flussigkeitspartikel urnfasst. 

3 shren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der eine 

Arr <;)rDer((7))ein von der Gasstromung durchstromtes Netz urnfasst. 

4. -.hren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, daB 
der . -re Arbeitskorper(ft^)innerhalb der Warmerdhre(£lj)et\va an der Position 
ma ...er Stromungsgescnwindigkeit angeordnet ist. 

5. ;hren nach einem der Anspriiche 2 bis 4, dadurch gekennzeichnet, daB 
die :.'ssigkeit zur Bildung der Flussigkeitspartikel ruckgewonnen wird. 

6 ' ihren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daB 

als ; \rbeitsflQssigkeit((3))der Warmerohre^T^und des Gencrators^tm)ein und 

die-- >■ Flussigkeit verwendet wird. 



GEAENDERTES BLATT 



VERTRAG UBER ^INTERNATIONALE ZUSAMIV^\RBEIT AUF DEM 

^EBIET DES PATENTWESENS 

PCT 

INTERNATIONALER VORLAUFIGER PRUFUNGSBERICHT 

(Artikel 36 und Regel 70 PCT) 



Aktenzeichen des Anmelders Oder Anwalts 


slehe Mittellung uber die Ubersendung des internationalen 
WEITERES VORGEHEN vorlaufigen Prufungsbericht (Formblatt PCT/IPEA/416) 


Internationales Aktenzeichen 
PCT/DE99/03389 


I ntemationales Anmeldedatum (T ag/Monat/Jahr) 
21/10/1999 


Prioritatsdatum (T ag/Monat/T ag) 
22/10/1998 


Internationale Patentklassification (IPK) oder nationale Klassifikation und IPK 
H02N3/00 


Anmelder 

LUCH1NSKIY, ALEXANDER et al. 



1 . Dieser internationale vorlaufige Prufungsbericht wurde von der mit der internationale vorlaufigen Prufung bea'uftragte 
Behorde erstellt und wird dem Anmelder gemaB Artikel 36 ubermittelt. 

2. Dieser BERICHT umfaBt insgesamt 5 Blatter einschlieBlich dieses Deckblatts. 

S AuBerdem liegen dem Bericht ANLAGEN bei; dabei handelt es sich um Blatter mit Beschreibungen, Anspruchen 
und/oder Zeichnungen, die geandert wurden und diesem Bericht zugrunde liegen, und/oder Blatter mit vor dieser 
Behorde vorgenommenen Berichtigungen (stehe Regel 70.16 und Abschnitt 607 der Verwaltungsrichtlinien zum PCT). 

Diese Anlagen umfassen insgesamt 1 Blatter. 



3. Dieser Bericht enthalt Angaben zu folgenden Punkten: 
I H Grundlage des Berichts 



Begrundete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der erfinderische Tatigkeit und der 
gewerbliche Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung dieser Feststellung 

Bestimmte angefuhrte Unterlagen 

Bestimmte Mangel der internationalen Anmeldung 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


□ 



Datum der Einreichung des Antrags 
17/05/2000 


Datum der Fertigstellung dieses Berichts 

2 0. 12.00 


Name und Postanschrift der mit der internationalen vorlaufigen 
Prufung beauftragten Behorde: 

^ Europaisches Patentamt 
D-80298 Munchen 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Bevoltmachtigter Bediensteter /^***"***\ 
Laub,C 1 3 1 

Tel. Nr. +49 89 2399 2507 ^ 



Formblatt PCT/IPEA/409 (Deckblatt) (Januar 1994) 




INTERNATIONALER VORLAUFIGER 
PRUFUNGSBERICHT 



Internationales Aktenzeichen PCT/DE99/03389 



I. Grundlage des Berichts 

1 . Dieser Bericht wurde erstellt auf der Grundlage (Ersatzblatter, die dem Anmeldeamt auf eine Aufforderung nach 
Artikel 14 hin vorgelegt wurden, gelten im Rahmen dieses Berichts als "ursprunglich eingereicht" und sind ihm 
nicht beigefugt, weii sie keine Anderungen enthalten.): 
Beschreibung, Seiten: 

1-6 ursprungliche Fassung 

Patentanspruche, Nr.: 

1 -6 eingegangen am 08/1 1/2000 mit Schreiben vom 08/1 1/2000 

Zeichnungen, Blatter: 

1/3-3/3 ursprungliche Fassung 



2. Hinsichtlich der Sprache: Alle vorstehend genannten Bestandteile standen der Behorde in der Sprache, in der 
die internationale Anmeldung eingereicht worden ist, zur Verfugung Oder wurden in dieser eingereicht, sofern 
unter diesem Punkt nichts anderes angegeben ist. 

Die Bestandteile standen Behorde in der Sprache: , zur Verfugung bzw. wurden in dieser Sprache eingereicht; 
dabei handelt es sich urn 

□ die Sprache der Ubersetzung, die fur die Zwecke der internationalen Recherche eingereicht worden ist (nach 
Regel 23.1(b)). 

□ die Veroffentlichungssprache der internationalen Anmeldung (nach Regel 48.3(b)). 

□ die Sprache der Ubersetzung, die fur die Zwecke der internationalen vorlaufigen Prufung eingereicht worden 
ist (nach Regel 55.2 und/oder 55.3). 

3. Hinsichtlich der in der internationalen Anmeldung offenbarten Nucleotid- und/oder Aminosauresequenz ist die 
internationale vorlaufige Prufung auf der Grundlage des Sequenzprotokolls durchgefCihrt worden, das: 

□ in der internationalen Anmeldung in schriftlicher Form enthalten ist. 

□ zusammen mit der internationalen Anmeldung in computerlesbarer Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ist. 

□ bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden ist. 

□ Die Erklarung, dass das nachtraglich eingereichte schriftliche Sequenzprotokoll nicht uber den 
Offenbarungsgehalt der internationalen Anmeldung im Anmeldezeitpunkt hinausgeht, wurde vorgelegt. 

□ Die Erklarung, dass die in computerlesbarer Form erfassten Informationen dem schriftlichen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 

4. Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 



Formblatt PCT/IPEA/409 (Felder l-VIII, Blatt 1) (Januar 1994) 



INTERNATIONALER VORLAUFIGER 
PRUFUNGSBERICHT 



Internationales Aktenzeichen PCT/DE99/03389 



□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 

5. □ Dieser Bericht ist ohne Berucksichtigung (von einigen) der Anderungen erstellt worden, da diese aus den 
angegebenen Grunden nach Auffassung der Behdrde uber den Offenbarungsgehalt in der ursprunglich 
eingereichten Fassung hinausgehen (Regel 70.2(c)). 

(Auf Ersatzblatter, die solche Anderungen enthalten, ist unterPunkt 1 hinzuweisen;sie sinddiesem Bericht 
beizufugen). 



6. Etwaige zusatzliche Bemerkungen: 



V. Begrundete Feststellung nach Artikel 35(2) hinsichtlich der Neuheit, der erfinderischen Tatigkeit und der 
gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stiitzung dieser Feststellung 

1. Feststellung 

Neuheit (N) Ja: Anspruche 1-6 

Nein: Anspruche 

Erfinderische Tatigkeit (ET) Ja: Anspruche 1 -6 

Nein: Anspruche 

Gewerbliche Anwendbarkeit (GA) Ja: Anspruche 1-6 

Nein: Anspruche 



2. Unterlagen und Erklarungen 
siehe Bei blatt 

VII. Bestimmte Mangel der internationalen Anmeldung 

Es wurde festgestellt, daB die internationale Anmeldung nach Form Oder Inhalt foigende Mangel aufweist: 
siehe Beiblatt 



Formblatt PCT/IPEA/409 (Felder l-VIII, Blatt 2) (Januar 1994) 



VERTRAG UBER D1WNTERNATI0NALE ZUSAMI*ARBEJTAyFJDEM. 

GEBIET DES PATENTWESENS , ^ ^ ^ 



PCT 



INTERNATIONALER VORLAUFIGER PRUFUNGSBERICHT 

(Artikel 36 und Regel 70 PCT) 



Aktenzeichen des Anmelders Oder Anwalts 



Internationales Aktenzeichen 
PCT/DE99/03389 



siehe Mitteilung uberdie Obersendung des internationalen 
WEITERES VORGEHEN voriaufigen Prufungsbericht (Formblatt PCT/IPEA/416) 



Internationales Ar\rr\e\(He6aXur(\(Tag/Monat/Jahr) 
21/10/1999 



Prioritatsdatum (Tag/Monat/Tag) 
22/10/1998 



Internationale Patentklassification (IPK) Oder nationale Klassifikation und IPK 
H02N3/00 



Anmelder 

LUCHINSKIY, ALEXANDER et al. 



Dieser Internationale vor.aufige Prufungsbericht wurde von der mit der internationale voriaufigen Prufung beauftragte 
Behorde erstellt und wird dem Anmelder gemaB Artikel 36 ubermittelt. 



Dieser BERICHT umfaGt insgesamt 5 Blatter einschlieBlich dieses Deckblatts. 

B AuBerdem liegen dem Bericht ANLAGEN bei; dabei handelt es sich urn Blatter mit 

Diese Anlagen umfassen insgesamt 1 Blatter. 



3. 



Dieser Bericht enthait Angaben zu folgenden Punkten: 
I S Grundlage des Berichts 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


□ 



Mangelnde Einheitlichkeit der Erfindung 

Begrundete Festste.lung nach Artikel 35(2) hinsichtlich der Neuheit, ^ 
glwerbliche Anwendbarkeit; Unterlagen und Erklarungen zur Stutzung d.eser Feststellung 

Bestimmte angefuhrte Unterlagen 

Bestimmte Mangel der internationalen Anmeldung 



Datum der Einreichung des Antrags 
17/05/2000 



Datum der Fertigstellung dieses Berichts 

2 0. 12.00 




Name und Postanschrift der mit der internationalen voriaufigen 
Prufung beauftragten Behorde: 

Europaisches Patentamt 

D-80298 Munchen 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Bevollmachtigter Bediensteter 
Laub, C 

Tel. Nr. +49 89 2399 2507 



Formblatt PCT/IPEA/409 (Deckblatt) (Januar 1994) 



INTERNATIONALER VORLAUFIGER 
PRUFUNGSBERICHT 



mternationa.es Aktenzeichen PCT/DE99/03389 



nicht beigefugt, weil sie keine Anderungen enthalten.): 
Beschreibung, Seiten: 



1-6 



ursprungliche Fassung 



Patentanspriiche, Nr.: 

1 _ 6 eingegangen am 



08/1 1/2000 mit Schreiben vom 08/1 1/2000 



Zeichnungen, Blatter: 

1/3 . 3/3 ursprungliche Fassung 



, Hinsic*,* dar SpracH.: A,,e r^Z^Z~£^JSZXZ^^ 

die Internationale Anmeldung eingereicht worden ist, zur vertugung 
unter diesem Punkt nichts anderes angegeben ist. 

Die Bea«and,ei,a s^en Beh6rde in der SpracKe: . :ur v ert 0 9 un g «„. wurden in dieser Spracne ***** 

dabei handelt es sich urn 

□ * Sprache der O b erse EU n g . die .Or d,a Z„eoKe der in,ema,io„a,en KecherCe eingereich. „orden is, (nach 

ist (nach Regel 55.2 und/oder 55.3). 

□ bei der Behorde nachtraglich in schriftlicher Form eingereicht worden ,st. 

□ bei der Behorde nachtraglich in computerlesbarer Form eingereicht worden .st. 

□ Oie «JL — * m computedesbare, Form ar.aaa.en ,n,orr„a,ionan d OT scnn«„ohen 
Sequenzprotokoll entsprechen, wurde vorgelegt. 



Aufgrund der Anderungen sind folgende Unterlagen fortgefallen: 



Formblatt PCT/IPEA/409 (Felder l-VIII, Blatt 1) (Januar 1994) 



□ Beschreibung, Seiten: 

□ Anspruche, Nr.: 

□ Zeichnungen, Blatt: 



5. □ 



eingereichten Fassung hinausgehen (Regel 70.2(c)). 
(Auf ErsatzUMer, die sdche Anderungen enthalten, ist unter Pun* 1 hinzuweisevsie sind diesem BericM 

beizufugen). 

6. Etwaige zusatzliche Bemerkungen: 



1. Feststellung 
Neuheit (N) 



Ja: Anspruche 1 -6 
Nein: Anspruche 



Erfinderische Tatigkeit (ET) Ja: Anspruche 1 -6 

Nein: Anspruche 

Gewerbliche Anwendbarkeit (G A) Ja: Anspruche 1 -6 

Nein: Anspruche 



2. Unterlagen und Erklarungen 
siehe Beiblatt 

VII. Bestimmte Mangel der internationalen Anmeldung 

Es wurde festgestellt, daB die internationale Anmeldung nach Form oder inhalt folgende Mange, aufwe.st: 
siehe Beiblatt 



Formblatt PCT/IPEA/409 (Felder l-VIII, Blatt 2) (Januar 1994) 



INTERNATIONALER VORLAUFIGER 
dpi ici iNftfiBERICHT - BEIBLATT 



international Aktenzeichen PCT/DE99/03389 



SS^e Feststellung nach Artike. 35(2) hinsicht.ich der Neuheit, der 
Ser^ - gewerblichen Anwendbarkeit; Unterlagen und 

Erklarungen zur Stutzung dieser Feststellung 

1 ) Es wird auf f olgendes Dokument verwiesen: 

D1: US-A-3 518 461 (MARKS ALVIN M) 30. Juni 1970 (1970-06-30) 



2) 



3) 



Die in Ansprucn 1 der vorliegenden Anme.dung *™ 
grundsatzlich als erfinderisch betrachtet werden (Art.kel 33(3) PCT). 

Die im charakterisierenden Tell des unabhangigen Anspruchs 1 enthaltene 
Merkmalskombination bezuglich der 

Durchfuhrung der Verfahrensschritte zur Ladungstrennung innerhalb des 
Innenvolumens oin ^ r Warmerohre. 

TZ die Ladungstrennung und die Ladungsverschiebung m,t me der 
narichteten Gasstromung der Wirmerdhre eriolgt, 
ZcZen einen Arbeitskorper mmbrt und ir,n zur Ladungstrennung 
und Verschiebung an dem anderen Arbeitskorper vorbe,fuhrt 

is, aus dem vortiegenden Stand der Teohnik weder bekannt, nooh w.rd sie durch 
inn nahegelegt. 

3 1 Die mit den charakterisierenden Merkmalen von Anspruch 1 zu losende , Auf- 
gl kann somit darin gesehen werden, daB durch die Venvendung e.ner 

Warmerohre zur Ladungstrennung eine alternative Losung zu der aus D1 
bekannten Vorrichtung bereitgestellt wird, in welcher (D1) das zu 
ionisierende Medium aus einem Druckbehalter heraus .n den Gasstrom 
eines Tragergases injiziert wird. 

Die in der vorliegenden Anme.dung gewahlte Losung fiihrt somit zu einem 



Fotmblatt PCT/Beiblatt/409 (Blatt 1) (EPA-April 1997) 



INTERNATIONALER VORLAUFIGER 
rnrt p F K.ngRFRICHT - BEIBLATT 



.ntsrnationa.es AKenzeichen PCT/DE99/03389 



technisch weniger 



aufwendigen Verfahrensablauf . 



Bestimmte Mangel der internationalen Anmeldung 



4) 



5) 



von Bezugszeichen -7- herangezogen. 
Technik noch dieses Dokument angegeben. 



Formblatt PCT/Beiblatt/409 (Blatt 2) (EPA-April 



08-11-2000' '* 



DE 009903389 
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patentansprOche 



I. \ c 



rlahren zur Erzeugung elektrischer Hnergie, bei dem l.adungen zwischen 
Arbeitskorpern triboelektrisch oder elektrostatisch getrennt, die Ladungen 
durch Verschiebung von ArbcitskSrpern unter Emwirkung auBerer Krafte 
voneinander entfernt werden, wobei die auBeren Krafte gegen d,e Coulomb 
Kraft Arbeit leisten, und die Ladungen auf Elektroden getiihrt werden, 



dadurch gekennzeichnet 

dal< die genannten Verfahrensschritte innerhalb des Innenvolumens einer 
Wfirmfihre (I) durchgeffihrt werden, wobei die L ^ 5t ^ nm ^t^ 
Laciunasverschiebung mit Hilfe der gerichteten Gasstromung der Warmerohre 
ertblut welche din einen Arbeitskorper (7) mitfuhrt und ihn zur 
Ladungstrennung und Verschiebung an dem anderen Arbe.tskorper (6) 
vorheituhrt. 

- Verlahren nach Anspruch 1, dadurch gekennzeichnet daB der eine 
Arbeit.korper in der Gasstr6mung mitgefuhrte FlUssigkeitspartikel umfasst. 

1 Wrrahrcn nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der eine 
Arbe.tskorper (7) ein von der Gasstr6mung durchstromtes Netz umfasst. 

4. \ertahren nach einem der Anspruche 1 bis 3, ^^^Jf! 1 ^^ 
der andere ArbeitskSrper (6) innerhalb der Warmerohre (1 ) etwa an der Pos.t.on 
maximaler Strdmungsgeschwindigkeit angeordnet ist. 

5 Vcrtahren nach einem der Anspruche 2 bis 4, dadurch gekennzeichnet, daB 
die F lUssigkeit zur Bildung der FlUssigkeitspartikel ruckgewonnen wtfd. 

6 Vcrtahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB 
als ^ ^Arbeitsflussigkeit (3) der Warmerohre (1) und des Generators (2) em und 
dieselbe Flussigkeit verwendet wird. 
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[X] DarQber htnaus Uegt Ihm Jewells elne Kople der In dlesem Berlcht genannten Unterlaoen zum Stand der Technlk beL 



1. Qrundlage das Berichts 

& 



Hlnalcrrtflch der Swache 1st die Intematlonale Recherche auf der Grundlage ^^^^ n J^^ * der Sprache 
^Sn^Sit wurde, sofem unter dlesem Punkt nlchts anderee angegeben 1st 

HI Die Internationale Recherche 1st auf der Grundlage elner bel der Behdrde elngerelchten Obersetzung der Intematlonalen 
1 AnmeWung (Regel 2&1 b)) durchgefQhrt worden. 

Hlnelctitnc^ 

Recherche auf der Grundlage dee Sequenzprotokolte durchgefQhrt worden, das 
Q in der IntematlonaJen Anmeldung In Schitfllcher Form enthalten tet 

Q zusammen mft der IntematlonaJen Anmeldung m computertesbarer Form elngerelcht worden 1st 
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H Die ErWarung, daB das nachtragUch elngerelchte schiWche Sea^rizprctokoll nteht Qber den Offenbamngsgehalt der 
1 — 1 mtematlonaJen Anmeldung Im AnmeWezeRpunW hlnausgeht, wurde vorgelegt 

□ Die ErWarung, daB die In computertesbarer Form erfaBten Informatlonen dem schrtHflchen SequenzprotokoB enteprechen, 
wurde vorgelegt 



2. Q Bestimmto AnsprQche haben sich ate nicht recherchierbar 
a □ Itengelnde Einheitlichtolt der Erfindung (slehe Feld II). 

4. HlnslchtJIch der Bamchnung der Erfindung 

pC| wlrd der vom AnmeWer elngerelchte Worttaut genehmlgt 
| | wurde der Wortlaut von der Behdrde wle folgt festgesetzt 



(slehe Feld I). 



5. Hlnslchtflch der Zusajnmenfassung 

m wlrd der vom AnmeWer elngerelchte Wortlaut genehmlgt Q ^ 

wurde der Wortlaut nach Regel 38.2b) In der hi FeW III angegebenen Fassung ^^^^J^^^^ 
HI ISw^tennder BehorOTnerha* elnes Monats nach dem Datum der Absendung dieses Intematlonalen 
1 — 1 Recrterchenberichts elne SteHungnahme vortegen. 

a Folgende Abbfldung der Zeichnungen 1st mlt der Zusammenfassung zu veroffentflchen: Abb. Nr. _1 

□ wle vom AnmeWer vorgeschlagen □ kelnederAbb. 

[X] well der AnmeWer safest kelne AbWWung vorgeschlagen hat 
| | well dlese AbbHdung die Erfindung besser kennzelchnet 
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ABSTRACT OF THE DISCLOSURE 

Power conversion devices are disclosed employing 
charged aerosols capable of efficient power transduction. 
The charged aerosol comprises a suitable concentration 
of charged liquid droplets or aggregates in a carrier gas. 
To achieve highly elective power transduction, the 
charged liquid droplets or aggregates are controlled to 
have an optimum ratio .of radius to the number of 
charges. This optimum ratio is derived for various operat- 
ing conditions. Processes and devices are described for 
producing charged droplets or aggregates having an opti- 
mum ratio, and decreased space charge. 
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INTRODUCTION 

The charged particle employed in certain embodiments 
of this invention is a charged liquid droplet. In other 
embodiments, charged solid aggregates are used. One 
such solid comprises rodlike submicron microcrystals. 
Submicron solids are capable of being Ihiidized by sus- 
pension in a fluid. 

The ratio of the radius of the charged droplet to die 
number of charges per droplet is hereinafter referred to 
as the "ratio. ' The "optimum ratio" is defined as a ratio 
required for a specific small slip factor, for efficient |ower 
transduction. The radius is usually expressed in Ang- 
stroms ( A. ). (10 tu m. ). and tiie unit charge is the charge 
on the electron. The "ratio" is therefore expressed in A./ 
electron charge. Since most of the processes described 
herein involve charged "droplets," this term will be used, 
but it will lie understood that the "ratio" could as well 
apply to other types of particles. For singly charged 
particles the ratio and the radius are numerically the 
same. 

A mathematical-physics analysis is hereinafter pre- 
sented which derives optimum values for the radius, 
charge and ratio of a charge particle to enable it to act 
as an efficient power transducer under a variety of condi- 
tions. 

BACKGROUND OF THE INVENTION 

Power conversion devices employing a charged aerosol 
as a working substance are now well known; such a de- 
vice is disclosed in U.S. Pat. No. 2.638,555 issued May 
12, 1953 to Alvin M. Marks in which preformed aerosol 
particles produced by a suitable aerosol generator were 
subsequently charged by the diffusion of ions produced 
by a corona field. 

The charging of the preformed aerosol by such means 
requires considerable power input in relation to the ob- 
tainable output power, and it is difficult to control the 
number of charges relative to the dimensions of the par- 
ticle. 

In the present invention it is preferred to utilize two 
other very efficient basic processes known as (he *"clec- 
trojet process" and the "condensation process" for simul- 
taneously forming and charging a liquid aerosol, with 



A power conversion device employing a charged 
aerosol formed by the elcctrojet process is disclosed in 
U.S. Pat. No. 3,191,077 issued June 22. 1965, to Alvin 
M. Marks and Ernesto Bar re to. fn this process charged 
droplets are generated in a moving gas stream from an 
axially located capillary tube and a ring electrode, with 
an electric Hold between the end of the capillary tube 
and tiie ring electrode. The "elcctrojet process" simul- 
taneously produces and charges the aerosol but may pro- 
vide too many charges per droplet; that is, too small a 
ratio. When the ratio is too small power transduction 
is not efficient. The present invention provides control 
means to produce charged droplets having an optimum 
ratio. One control means utilizes the disruption of a 
multiply charged droplet, ami division of its charges over 
many smaller droplets. Another control means employs 
the partial neutralization of the excess charge on a 
dioplet. 

Another power conversion device employing a charged 
aerosol formed by the "condensation process" is disclosed 
in an application for patent entitled "Method and Ap- 
paratus for Producing Charged Aerosols," Ser. No. 
43K.930, tiled Mar. II, 1965, in the name of Alvin M. 
Marks. In this device a gas-vapor cools by expansion as 
it Hows through a corona produced by an electric field. 
Vapor condenses on ions from the corona to simultane- 
ously produce and charge an aerosol droplet. These 
droplets are generally singly charged and continue to 
grow as they move downstream, but may not attain a 
sufficiently large radius for efficient power transduction. 
A control means is required to provide droplets having 
an optimum ratio. 

In a charged aerosol having a suitable charge density, 
efficient power transduction occurs when the slip velocity 
of the charged particle is less than 10%, and preferably 
about [% of the carrier gas velocity, while utilizing a 
maximum electric held intensity. The maximum electric 
field intensity is just under that which causes incipient 
sparking under the given operating conditions. These 
conditions require a charged droplet having approximate- 
ly an optimum ratio. 

It is preferred to use liquid rather than solid particles 
because they are readily formed and charged simultane- 
ously, and have other advantageous properties. However, 
submicron particles of an optimum radius such as micro- 
crystals may be suspended in a lluid to form a colloidal 
suspension. Such a colloidal suspension has the properties 
of a fluid which facilitates its introduction and removal 
from the power transducing devices of this invention. 

SUMMARY OF THE INVENTION 

In one preferred form of the invention, multiply charged 
droplets are formed by the electrojet process as they issue 

55 from a small orifice in an electric field into a carrier 
gas at an elevated pressure and temperature. 

As the charged droplets increase in temperature, they 
disrupt and form smaller charged particles. The control 
means comprises selecting suitable liquid temperature 

00 and pressure, carrier gas temperature and pressure, and 
electric field intensity at the jet orifice, to obtain charged 
particles having the optimum ratio. 

In another form of the invention, liquid is heated to a 
temperature near the boiling point and forced under prcs- 

iif) sure through an orifice in an electric field, into the carrier 
gas at lower pressure but near the same temperature. 
This causes the liquid lo explode into very small charged 
droplets. The radius and charge per droplet are controlled 
by the choice of the pressure and temperature of the* 
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Still another form of the invention employs a super- 
cooled viipor which condenses upon very small singly 
charged aerosol droplets which grow to form charged 
droplets of larger radii having an optimum ratio. The con- 
trol means to obtain charged droplets having an optimum 
ratio comprises temperatures, pressures, vapor concentra- 
tions. How distances and time. 

A further form of the invention employs a charged 
aerosol initially formed with too many charges per par- 
ticle, and charging electrodes for the emission of oppo- 
sitely charged ions for partially neutralizing these charges, 
whereby the charge on the charged droplets is decreased 
until an optimum ratio is attained. 

In another form of the invention liquid issues from the 
orifice of a capillary tube of small internal diameter in an 
intense electric field; whereby a charged droplet disrupts 
into many droplets having smaller radii. The process is 
continued until charged droplets emerge from the electric 
field with an optimum ratio. The control means comprises 
a choice of a suitably small orifice diameter, the liquid 
pressure, and the electric Held intensity. 

Another form of this invention employs preformed 
emulsions having droplets of the required radius suspend- 
ed within an immiscible evaporable fluid from which 
multiply charged droplets containing the suspended par- 
ticles are produced. These charged droplets then evapo- 
rate, distributing the charge over small charged droplets 
of predetermined radii. Alternatively, a suspension of sub- 
micron solid particles may be employed. 

An object of this invention is to decrease the space 
charge efTcct through the employment of electrically ori- 
ented charged dipolar particles in the conversion space. 
The charged dipolar particles may comprise elongated 
microcrystaltine or whisker rods of submieron dimension. 
These arc capable of orientation in the electric field with- 
in the power conversion region of the device. Such orien- 
tation produces a decrease in the space charge. With the 
decrease in the space charge at a given level of power 
density, lower voltages and greater current densities may 
be employed. 

INSCRIPTION OF THE DRAWINGS 

fn the accompanying drawings, forming a part hereof, 
are illustrated several embodiments of the invention in 
' which drawings similar reference characters designate 
corresponding parts and in which: 

FIG. 1 is a somewhat diagrammatic view in longitudinal 
section of a power transducer employing a charged aerosol 
as a working medium according to the present invention, 
utilizing the electrojet process. 

FIG. 1 is a somewhat diagrammatic view in longitu- 
dinal section of another form of power transducer employ- 
ing a charged aerosol as a working according to the pros- 
ent invention, utilizing the expansion condensation proc- 
ess. 

FIG. 3 is a somewhat diagrammatic view in longitudinal 
section of a third form of power transducer employing 
a charged aerosol as a working medium, utilizing the mix- 
ture condensation process. 

FIG. 4 is a somewhat diagrammatic view in longitu- 
dinal section to a fourth form of power transducer em- 
ploying a charged aerosol as a working substance employ- 
ing another form of mixture condensation process. 

FIG. 5 is a fragmentary view in longitudinal section of 
still another form of the invention employing an emit- 
ting charging electrode for adjusting the ratio, by the 
neutralization process. 

FIG. 6 shows a modified electrojet device in which the 
fluid comprises a colloidal suspension of aggregates. The 
charged droplets initially formed contain small aggregates 
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suspension of smaller aggregates, and its breakup into 
smaller charged particles. 

FIG. 8 shows the enlarged detailed view of a portion 
of the conversion space of FIG. f>, showing idealized elec- 
trically charged aggregates comprising charged dipolar 
;i particles which arc oriented in the electric field; whereby 
the space charge effect is decreased, 

FIG. 9 shows on a log-log graph scale relative gas den- 
sity vs. the optimum radius of charged droplets for various 
10 values of a parameter, as hereinafter described. 

FIG. 10 shows on a log-log scale the optimum radius 
of the charged droplet and optimum ratio vs. the number 
of charges per particle for a charged aerosol power trans- 
ducer operating at atmospheric pressure. 
!r> DFSOR1PTION OF THE PREFERRED EMBODI- 
MENTS — THE ELECTROJET POWER TRANS- 
DUCERS 

Referring to the drawings and particularly to FIG. I, 
■20 10 indicates a power transducer employing a charged 
aerosol as. a working medium such as has been described 
in U.S. Pat. No. 2191,077. This device, hereinafter re- 
ferred to as the electrojet transducer, is built into a conduit 
11 through which a carrier gas (lows under pressure. A 
'j."> portion of the conduit, is constricted as shown at 12 to 
form a throat to increase the velocity of the gas. How- 
ever, the device will operate in a straight tube. A source of 
fluid 13 under pressure, such as the fluid in container 14, 
is connected to a small diameter capillary tube 15 which 
:w emits the fluid in the presence of an electric field, causing 
the formation of multiply charged droplets, which dis- 
perse into the moving carrier gas 19 at the throat 12. 

A charging electrode, which may be a ring 16 connected 
to a DC source 17, is positioned around the dispensing end 
■"■"> of the tube 15 anil forms part of the throat 12. 

The conversion space where power transduction occurs 
is located between the charging electrode 16 and the col- 
lector electrode 20. The collector 20 may comprise a plu- 
rality of points placed within the conduit 11. The load 22 
is connected between the collector points 20, and the 
emitter tube 15 which is connected to grounded conduit 
1 1 at 23. The conduit downstream of the tube leads to (he 
throat and opens to form the power conversion space for 
the charged aerosol. In this region the conduit is of in- 
•l-f sulating material. 

Various methods for attaining charged droplets having 
an optimum ratio, utilizing effects employing more of the 
control variables, are hereinafter described. 

The effects due to variation of the following factors are 
30 discussed: temperature, pressure, electric field intensity, 
flash expansion, composition of the liquid, suspensions of 
liquid or solid particles and charged electric dipoles. 



to 



(a) Effect of temperature increase 

' )r * Tn the device of FIG. 1, the carrier gas, according to 
one modification of the present invention is at an elevated 
pressure and temperature. The fluid 13 is initially cool, 
contained within an insulated capillary tube 15. Rela- 
tively large multiply charged droplets 18 are formed from 
the cool fluid and emitted from the end of the tube 15 
at its interface with the gas. As the droplets 18 enter the 
carrier gas 19 at an elevated temperature, they disrupt the 
smaller charged droplets 18a. 

Efficient power transduction with a charged aerosol de- 

<l. r i vice depends upon the formation of charged particles hav- 
ing an optimum ratio, which are obtained in this case by 
an increase in temperature of the initially formed multiply 
charged droplets. The increase in temperature of the 
multiply charged droplet causes a decrease in surface 

70 tension, an increase in internal pressure, and an increase 
in the vapor pressure of the liquid relative to the vapoY 



sion of a liquid decreases (o 7.ero and single charges then 
attach to individual molecules, or small aggregates of 
molecules. 

The dimensions of the charged droplet depend upon 
i he balance between the cohesive force of the surface ten- 
sion and the repulsion due to outward force of the mul- 
tiple electrical charges on the surface of the droplet, -he 
outward forces due to internal pressure, and the outward 
forces due to the excess of the vapor pressure of the 
liquid over that of the carrier gas. When these outward 
forces exceed the cohesive force due to surface tension, 
the initially formed charged droplet disrupts into many 
smaller droplets; and the initial charge is distributed over 
the number of smaller droplets produced. 

If multiply charged droplets, produced using a cool 
liquid jet at a high pressure, are introduced into the car- 
rier gas at elevated temperature and somewhat lower 
pressure, the charged droplets increase in temperature 
within the carrier gas, and disrupt until there is about one 
charge/droplet. For example, a charged droplet produced 
at 2(V C. and having a radius of \fi or 10,000 A. has 
(.25 < HP charges, and a ratio ( M) 4 / 1 .25 X 10 s ) or 0.0H. 
However, if a ratio of 200 A. /electron charge is required 
for efficient power transduction, this ratio may be at- 
tained, bv disrupting this charged droplet into 1.25 v 10 s 
charged droplets each about 200 A, radius, having about 
one electron charge/droplet, it will be shown hereinafter 
that under certain conditions of operation, an optimum 
ratio is 200 A./electron charge. It is thus shown how dis- 
ruption may be utilized to produce the optimum ratio, 
(h) Mash expansion 

Charged droplets having an optimum ratio may he 
attained by Hash-expansion using the transducer as shown 
in FIG. I. In this figure, a liquid 13 such as water is 
passed through a tube 15 of small diameter in an intense 
electric field into a gas stream V). The liquid is maintained 
at a high pressure and temperature and issues into the gas 
stream at lower pressure and about the same temperature. 
The liquid is thereby partially Hash-expanded to vapor 
and forms charged liquid droplets. The charged droplets 
arc initially formed in an intense electric field and during 
Hash expansion form smaller charged liquid particles of 
optimum ratio. The control factors which are adjusted 
until the optimum ratio is attained are: the temperature 
and pressure of the liquid 13; the temperature and pressure 
of the carrier gas 19; the electric field intensity; and, the 
liquid composition. 

(c) EfFcct of electric field intensity 

With certain modifications, the transducer shown in 
FIG. I may be used to produce charged aerosol particles 
having an optimum ratio by applying an intense electric 
field as the charged droplets are forming. In this embodi- 
ment the capillary tube 15 is made of an insulating ma- 
terial such as glass. The glass capillary 15 is drawn so 
that its inside diameter is 1-25 microns at its orifice. 

The electric field intensity at the orifice of the tube is 
inversely proportional to the square of the orifice di- 
ameter. Thus, at smaller diameters the electric field in- 
tensity increases greatly. With large electric field intensities 
the charges within the droplets separate and dipolar forces 
come into action. If the dipole electrical stretching forces 
exceed the surface tension, the charged droplets arc then 
literally torn apart. The charged droplets having an excess 
of charge disrupt further and their initial charge is di- 
vided amongst smaller droplets. Dipolar disruption does 
not occur in weak electric fields because the electrical 
stretching force is then too small. The electric field inten- 
sity, orifice diameter and fluid pressure, as well as other 
factors herein described, may be adjusted to provide an 
optimum ratio. 

,(d) Effect of droplet composition 

Another method of control utilizes a working sub- 
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for example, an alcohol such as cthanol. Other well known 
common chemical means such as surfactants may be em- 
ployed to cause a disruption of multiply charged droplets 
such as to attain an optimum ratio. The surfactant is 
preferably of known nonionic type. 

** Charged particles of optimum ratio may be produced 
by the electrojet method utilizing a two component mis- 
cible liquid solution; in which a first component is readily 
evaporable, under the conditions of operation. Examples 
of such liquids arc acetone and water; water and glycerin, 

1 etc. The droplet gets smaller as one component evapo- 
rates and the excess of charges on the smaller droplet 
causes it to disrupt until an optimum ratio is attained. 

fe) Droplets containing suspensions 

FIG. 7 shows a magnified view of a small diameter 
tube 15 which serves as a fluid conveying electrode of the 
electrojet device as previously described. The charging 
electrode is not shown but the electric field lines are shown 
0 as das he 1 1 lines 51 terminating on the exposed surface 
"° 52 of the fluid suspension 53 at the orifice of the tube 15. 
The fluid suspension 53 contains smaller solid or liquid 
particles 54 suspended within the fluid. The particles 54 
may comprise large molecules, submicron immiscible 
small liquid droplets, or microcrystals having tfie requisite 
dimensions. 

Relatively large multiply charged droplets 56 are emitted 
from the surface 52. Conditions are adjusted so that the 
surface of the multiply charged droplet 56 has an average 
of N charges/droplet, shown as negative charges dis- 
tributed over the surface, and contains approximately N 
smaller particles 54. The fluid of the droplets 56 evap- 
orates as they issue into the carrier gas 19 at an increased 
temperature, causing the expulsion of the smaller particles 
54. These form small diameter singly charged particles 5'). 

For example, a nonmiscible fluid such as an oil, may be 
emulsified in known manner with the water ,^o that the 
emulsified oil droplets have a radius of 300 A. within a 
larger multiply charged droplet of 10.000 A. radius. The 

, n smaller droplets may comprise mineral oil. silicone oil, 
diphenyl chloride; liquid metals such as mercury, gallium; 
or may comprise solid particles of colloidal dimensions 
capable of being readily suspended within a fluid such as 
water. For example, chrystolite fibers which are approx- 
imately 3000 A. long x 150 A. in diameter are readily 

■h~> suspended in silicone oil or in water and may be utilized 
as the particle suspension in one of these vapori/able 
fluids. 

Other solid particles which easily form suspensions arc 
well known in the art. For example, they may comprise 
*>° polymeric microcrystals such as cellulose, amylose, col- 
lagen and the like, which form aggregates in the range 
required. 

In previous work with the charged aerosol generator, 
it has been preferred to use charged liquid droplets, and 
^ to avoid solid particles, because solid particles tend to 
cake walls and electrode surfaces. However, solid par- 
ticles which are capable of ready dispersion to form a 
fluid suspension, retain the advantages of a liquid medium. 

( .q (f) Charged dipolar particles 

The space charge effect with spherical charged particles 
necessitates a short- distance between the entrance plane 
64 and the exit plane 65, and limits the current flow across 
these planes without spark breakdown. The space charge 

iif> effect may be partially overcome using charged oriented 
dipolar particles. 

FIG. 6 shows an electrojet power transducer which is 
similar to that of FIG. I except that charged dipolar par- 
ticles 62 arc employed as the charged aerosol in the con- 

70 version space 60. The particles 62 arc submicron in size, 
rod-like in shape, capable of orientation in an electric 
field and of forming a gaseous suspension. Known dipolar 
gas molecules may also be used to increase the electriw 
polvmi'ti/ation. 



conversion space 60 in l ; IG. 6. The internal electric Held 
61 in the conversion space is shown as dashed lines paral- 
lel to the /.'// axis of the device, t he rod-like particles 62 
have an excess charge, such as a negative charge. 

The induced dipole nininonl causes the rod-like par- 
ticles 62 to relate inlo parallelism with die clccfric hold 
lines, which diminishes the space charge elfeet in the 
power conversion space between die planes 64 and 65. 
The charged oriented dipoic particles in a gaseous sus- 
pension constitutes a novel working substance; an aniso- 
tropic charged aerosoi as an electrothermodynamic medi- 
um. 

The decrease in the space charge effect is of great im- 
portance because it permits smaller votages, greater cur- 
rents, and greater electrode distances, at a given electric 
power output. 

As an example of a rod-like conducting particle suit- 
able for use as a charged dipolar particle, submicron 
mierocrystals comprising conducting or semiconducting 
rod-like whiskers arc preferred. Examples of conducting 
rod-like particles include metallic rod-like whiskers such 
as aluminum nickelide. chromium, etc. These micro- 
crystals arc known in the art and are now available com- 
mercially. Such mierocrystals can also be readily sus- 
pended in llmds for introduction, /.barging and suspension 
by die electrojeE method, and may he removed from the 
power conversion device by resuspension in the condensate 
thuU 

CONDENSATION TRANSDUCERS 

Various methods involving condensation for the pro- 
duction of charged aerosol droplets having an optimum 
ratio, are described hereinafter. 

(a) Expansion condensation 

fn FIG. 2 there is shown another transducer employing 
a charged aerosol as a working substance, which has been 
previously disclosed in application for patent, Ser. No. 
43S, ( >30\ filed Mar. ! 1, 1963. This device utilizes the "con- 
densation process" for the production of charged droplets, 
and is hereinafter referred to as an "expansion condensa- 
tion transducer." The expansion-condensation transducer 
employs a conduit 11. a constriction 12 in the conduit and 
a charging electrode 16 in the form of a ring at or near 
the constriction. 

A sural! diameter wire 24 such as a jLnngsten wire, 
forming a point of about 0.01 mm, radius, is located with- 
in the conduit 11. and may be grounded thereto as in- 
dicated at 25. The point of the wire 24 is spaced upstream 
a short distance from the charging electrode 16 and 
preferably coaxial with the conduit 11. A potential dif- 
ference is supplied by a source connected between the 
point 24 and the charging electrode 16. As a result, an 
intense electrical field terminates upon the wire point, and 
ions are emitted into the moving carrier gas, constituting 
an electric current. 

With the voltage on the charging electrode adjusted to 
be just under sparking, the current output from the emitter 
point increases linearly with the carrier gas pressure. For 
example, at a pressure of about 4 atmospheres, 150 micro- 
amps current of gas ions is emitted from the wire point 
24 into the carrier gas vapor 19. 

The carrier gas-vapor 19 containing the ions is con- 
tinuously cooled by expansion in the nozzle in the vicinity 
of the charging electrode 16. The supercooled vapor in 
the gas 19 condenses upon each ion to form a singly 
charged liquid droplet which has an initial ratio which 
may be too small for efficient power transduction. An in- 
crease of ratio to optimum requires an adequate growth 
of I he charged droplet which in turn depends upon the 
degree of supercooling, and the time the droplets dwell 
in the formation region. The dwell time for growth de- 
pends on the ^:is velocity and the distance' between the 
point 24 and the charging electrodes 16. for example, at 

i, , , : , . . . , r f/m ... ' . < ' " • 
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To obtain the optimum ratio, the vapor must be suf- 
ficiently supercooled by expansion. This requires that die 
carrier' gas be greatly expanded at the nozzle throat 
26. Under these circumstances die gas velocity may be- 

_ come sonic at the throat, and even supcrsoin\. down- 
si ream, causing large frietionai power lo.-.ses. Fllicient 
power transit uction is achieved by avoiding friction pow- 
er losses by titili/.ing processes for producing charged 
droplets of optimum ratio in the processes illustrated in 

l() FIGS. 3 to >■ inclusive, as hereinafter described. 

(b ) Mixture condensation 

The "Mixture-Condensation Transducer" illustrated in 

15 FIG. 3 ha-; ben previously disclosed in an application for 
patent. Ser. No. 438,930 filed Mar. It, l ( J63. In this 
device a carrier gas 17 is uirected through an insulating 
conduit. 28. One or more grounded pipes 29 are irans- 
versch' disposed within the conduit 28. A superheated 

■jo vapor 30 under pressure is forced into I he stream of the 
carrier gas 26 by means of a seiie* : of openings 31 in the 
pipe 29. The superheated vapor cools by expansion on 
leaving the pipe openings 31 and is further cooled by 
intermixture with the cooler carrier gas 27. An electric 

'2;") field, indicated hy dashed lines 32 is set up by the applica- 
tion of a potential from a DC voltage source I/. The 
voltage source 17 is connected to elongated charging elec- 
trode-.; 33 which are embedded in the top and bottom sur- 
faces of insulating aiifoil sections 34 transversely disposed 

::n in the conduit 2S. downstream of the emiter pipe 29. 
The electric field 32 is applied between the electrodes 33 
and the emitter pipe 29 which gives oif ions to form a 
corona discharge. The vapor issuing from the orilices is 
supercooled and intermixed with these ions. Charged drop- 

:;."> lets 35 form about individual ions and grow from the 
supercooled vapor. The charged droplets 35 continue to 
grow as they move downstream into the conversion space 
between the airfoil sections wherein they now have an 
optimum ratio. 

In After passing through the conversion space the charge 
■ ■n the droplets is neutralized by ions of opposite sign 
from a collector point 36 and current (lows through die 
load resistor 22 back to the grounded emitter Dipe 29. 
Thereafter the discharged neutral droplets may evaporate 

, - and become a neutral vapor mixed with the carrier gas 
27. 

To decrease frictiona! power losses, the carrier gas 
aerosol should tlow at a subsonic velocity. Since cooling 
in this process is obtained by mixture, and not by the 

: - ){) expansion of the carrier gas, the carrier gas-aerosol may 
Mow at a subsonic velocity. This is in contradistinction to 
the "expansion condensation" process shown in FIG. 2 
in which the cooling is obtained only by expansion of the 
earner gas at the nozzle throat; as a result of which, the 

r y - gas velocity is sonic or supersonic, and the frietionai 
power loss excessive. 

[n the device shown in FIG. 4 an upstream pipe 38 is 
provided which contains a superheated vapor under pres- 
sure. Supercooled vapor is discharged through art orifice 

,;o 39 in pipe 38 and mixed with the carrier gas stream 27 
which flows in the direction of the arrows 27rt. Down- 
stream of pipe 38 is an emitter pipe 29 which aiso contains 
a superheated vapor under pressure. The superheated 
vapor is discharged in the form of small charged diop- 

,i5 lets 40 into the carrier gas 27. The mixture of the carrier 
gas, the supercooled vapor, and small charged aerosol 
droplets results in the vapor condensing on the droplets 
40 so that they grow to attain an optimum ratio. 

The umiiol means for die growth of droplets com- 

70 prises auxilliary devices for adjusting the temperature 
and piessure of the carrier gas, and the temperatures, 
pressure and tlow of the supercooled vapor, or "both. As in 
the structure shown in FIG. 3, the charged droplets func* 
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ELECTRO JET CONDENSATION TRANSDUCER 

Various combinations of l he elcetrojet and ;ondensa- 
tion processes are described hereinafter as control means 
for attaining ;i charged aerosol particle of optimum ratio. 

(a) Electrojet-condeusation 

The transducer shown in PIG. 4 may be operated by. 
the "elcetrojet-condensatiou process." In this process a 
cool liquid 41 is introduced into pie 29 and forced 
through nozzles 31 into an intense electric field. Insulation 
(not shown) may be applied to the outside of pipe 29 to 
prevent heat losses. The carrier gas temperature is main- 
tained above tfie boiling point of the liquid 41, and I lie 
charged droplets 40 are completely evaporated, leaving 
only singly charged ions comprising one or more 
molecules. 

Pipe 29 contains a liquid such as ethanol or methanol 
which will totally evaporate at a temperature at which 
another vapor, such as water may be supercooled. Simul- 
tancosulv. superheated water vapor is introduced into 
pipe 3H and ejected through nozzles 39 to a supercooled 
state. When the supercooled water vapor mixes with the 
singly charged alcohol molecules downstream nom pipe 
29/thc charged molecules grow in size, becoming particles 

42 of optimum ratio. The rate of growth of the charged 
droplets ami their ratio in the conversion space is con- 
trolled by the supercooling of the water vapor and the 
dwell time of the charged particles in the carrier gas just 
before entering the conversion space. 

(b) Critical temperature and pressure process 

The transducer shown in FIG. 4 may be operated with 
a process which is the same as the electrojet condensation 
process described above, except that the fluid within the 
pipe 29 is at its critical temperature and pressure. Under 
these conditions it is neither a vapor nor liquid but exists 
in an intermediate state. The electrical charges collect 
upon individual molecules or aggregates of a few mole- 
cules in the space adjoining pipe 29. The charged mole- 
cules or aggregates will grow by condensation as liiey 
arc combined with the supercooled vapor emitted from 
pipe 38 into the carrier gas. 

For example, the pipe 39 may contain ethanol or 
methanol which is emitted at its critical temperature and 
pressure into a carrier gas containing supercooled water 
vapor emitted from pipe 38. 

THE NEUTRALIZATION PROCESS 

Where charged aerosol droplets, produced by any of 
the foregoing devices and methods, have too many 
charges for a given radius, the droplets may be partially 
neutralized until the optimum ratio is obtained. 

The transducer 43, a part of which is shown in FIG. 5, 
may be used in the neutralization process. This transducer 

43 is substantially the same as that shown in FIG. 3 
except that an additional electrode 44 has been added 
which acts as a charging electrode and partial ncutralizer 
electrode at the same time. No electrodes are used in the 
nozzle or airfoil section. This electrode 44 contains one 
or more sharp points 45 from which a positive corona 
discharge may be maintained. Electrode 44 is connected to 
a voltage source 46. 

The operation of this transducer is the same as described 
above in connection with FIG- 2 except that the corona 
discharge from points 45 decreases the charge on the 
aerosol droplets, and thereby increases the ratio to an 
optimum. 

The addition of one or more ionizing electrodes 44 
into any of the other transducers described herein to 
partially neutralize the charge on the droplets to achieve 
the optimum ratio is within the purview of the present 
invention. 

FIGS, l' 2, 3 and 4 show only one nozzle. It is ohvi- 

.^i!" Imw.-".T flvtr '» l-ii-iM. rinmhiT of nozzle mav 11,1 
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FIGS. 3, 4 and 5, the airfoil sections may also extend 
for some distance and many may be employed. FIG. 5 
shows such an array of multiple airfoil sections 34 and 
orifices 31 which may be used in the transducers shown 
in FIGS. 3 and 4. 

In all these cases, the voltage source 17 produces a 
potential for either a charging ring shaped electrode id 
or an airfoil section electrode 33. The current drain from 
such a source is quite low and die power consumed is 
only a small fraction of the power delivered to load 22. 

LARGE MOLECULE TRANSDUCER 

The "Large Molecule Process" may be practiced using 
the device shown and described in connection with FIGS. 
I, 3 and 4. Tn the large molecule process, a vapor is em- 
ployed having molecules with radii in range 4-40 A. here- 
in referred to as "large molecules." These molecules 
should be capable of assuming a negative or positive 
charge by electron attachment or loss. This vapor is 
superheated and issues from the orifices 31 in the emitter 
pipe 29, and mixed with I he carrier gas 27. The largo 
molecules are preferably singly ionized as they pass 
tin (nigh the corona tick! near the orifices 31. 

The large molecule is selected from a suitable material 
which is a liquid, and forms a vapor. For a high tem- 
perature cycle this substance should be inorganic and 
form a stable vapor at temperatures in the range of from 
1000 to 1500" K. 

The large molecules may be selected from among cer- 
tain of the polymeric materials known to have molecules 
of sutficiently large radii. In certain cases the large mole- 
cules may be dissolved or suspended in another carrier 
fluid such as water or ethanol which flashes, into vapor 
as described above, leaving the singly charged larger 
;1 5 molecules to form the charged aerosol. 

The above description and drawings show many novel 
forms of transducers. The transducers can be operated in 
many ways depending upon the properties of the liquids 
and gases and on the required results. The common ob- 
•Ht jeciivc is a charged aerosol droplet having a very small 
mobility in the carrier gas, which under the conditions of 
operation produce an optimum ratio. To produce the 
most efficient transduction of electrical power from me- 
chanical and thermal power, this ratio may vary from 
about 4 A. per electron charge, to about 3000 A., depend- 
l;> ing upon the conditions of operation, which will become 
apparent from the mathematical-physics analysis to 
follow. 

MATHEMATICAL-PHYSICS SECTION 

f, ° Table of symbols 

a — Length of dipole particles. 
A.B-^ Experimentally determined constants. 
b = Relative breakdown electric intensity for any gas — 
r,n relative to hydrogen under standard conditions. 

b c — Relative electric breakdown factor of the carrier gas; 

or, the ratio of the electric breakdown potential of the 

carrier gas to that of air, at standard conditions. 

= Breakdown electric intensity for hydrogen under 
00 standard conditions. 

b 0 — Breakdown electric intensity for air" under standard 

conditions, 
c— Sonic velocity. 

c t --Sonic velocity for hydrogen at standard conditions — 
i\- t m./sec. 

D— Nozzle throat diameter — m. 

D x ~ Molecular diameter of hydrogen (meters). 

6'— Electronic charge= L60x 10" 19 coulombs, 

E - Electric field intensity volts/m. 
7i) E u =Electric breakdown field intensity (volts/meter) . 

/— (D/D 1 ) 2 =molecular cross section relative to hydro- 
gen. 

k—u/E\ mobility (meters-/ volt-sec). 

K V'pvnl (Mcf'tric hrvikdown i'actnn or lb* 1 ':ifM> m" .'h<» 
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under operating conditions compared to that of "the The mobility k may he expressed m terms of the operat- 
es only" at the same density and temperature under ins; conditions, by substituting 4 and 5 into 3: 

static conditions (m „ n \ k -(\j"it: x /b x )(aM/hK^)0\/m)^ <rt) 

/^-Molecular weight ot gas or vapor (mean). vv 1 »' 

//i .^Relative average molecular (or atomic) weight com- r According to the kinetic theory of gases the viscosity ,u 

r pared to that of air. Air has a mean molecular weight 0 f any gas of molecular weight tn may be expressed in 

0 f 28.8. terms of /n the viscosity of H 2 under standard conditions: 

^ri^Xwo i8ht of ^ .icuiu. *-wrt«sm ^ 

N — Number of electronic charges per droplet. J() While Sutherland's formula is more accurate, Formula 

/i^Number of particles/unit volume. 7 j s sufficiently accurate and is preferred because the 

N 0 --Avogadro's number (molecules). derivations hereinafter are simpler. 

r— Radius of droplet (meters). According to the kinetic theory ot" gases, the mean 

r 0 = Radius of charged droplet of a given gas for f ree p . U | l x may ^ c expressed in terms of \ x : 

and^=l. 15 \— /\ /fx \ (X) 

1.0.87 eb^/twc^^.nxW-™ meters, a con- ' v 1 

slant. To solve Equation 2 for r, multiply by /- and use a, 

, v — {Q.n7e/C>Tr)(N\/fj.k)=tr\ctcrs. and S as substitutions; whereupon Equation 2 may be 

S— ( I.74\//> ( ). written: 

S t =^ I.74\ l /r,. '20 r*-(2rJS)r-r.?^Q (9) 

T ft =7 , /7 , 0 =7V300— absolute temperature based upon ] 

f 300 o K. as the unit temperature. Solving 9 for /• and simplifying:. 

Relative slip velocity (meters/sec.) + V'f+S=j ) f 10) 

U=Oas velocity— meters/sec. ' l v 

X^ihiMK/acMT^) 1 -' 1 , a parameter Table I gives certain physical constants for hydrogen 

r , , . gas under specified standard conditions, which are needed 

rCe Syn * to evaluate the constant terms in the Equation 2. 

a— Slippage coefficient — KE b /u. ^ t\iu,k j. I'ltvsic.vL constants kok 11 v nitu< ; kn has 

o ft ^Relative gas density; the ratio of "the density ot a ' [.-,_> K standard conditions 

gas under a given pressure and temperature" to "the ;;<> |;ido u k. una w uiiwtmis/m.;] 

density of the same gas under standard conditions." — y Vai.,« ma, 

1.163 kg./m. 3 or the density ot air under standard : : 

conditions. m (V1i1 fm-pjuh a, l.'Jtxio-' M.itns. 

<5, —Density of the liquid, g./ce. smm: v-Wudty . u t.wxm 1 

numuer. ...» in ,,. llslLy 

7^=c p /c v . 

7o =Surfacc tension of liquid drop newtons/in. Thc niolccilIar cross scction / relative to hydroeen gas 

« o ~8.85xi0-»-pcrniilliviiy of free space farads, m. js computcd in Tab|c „ hy so|vins r : quation 7 for / and 

Viscosity (newtons— scc./m.-). u . Jat;l Qn visc0sity normalized to a temperature of 

^ = Viscosity of hydrogen at standard conditions. .10 ^ K ^ ^ 

^ standard conditions. '^"^s^^^ 

^ ( I /5~) ( 1 -f- VI +.V 3 ) • N' MUIAMSKl ) T«. WP K. 

k — Dielectric constant. Viscosity 

■ - ni'wr.oii, 

THE CHARGED AEROSOL DROPLET ' < : '"""- s " n -'''"-- ' 

Radius per electron charge _. ]./. n!!s4x!!i-! uli "urn 

The "mobility" it of a charged particle moved with a Air . :!! l.rxio- :mw i.»5 

velocity « through a gas by an electric field of intensity l£ ^ Mrmny — 1XI1I ' J ' :1 - 7S 

is, by definition: 

k--u/E (I) j n |{) ra j s evaluated in terms of standard conditions 

The Stokes-Cunningham equation is: for hydrogen gas H 2 by substituting for k t ^ and \ from 

rt ^ , v 6, 7 and 8 respectively, from which: 

* = (,VcV67r M r)(l+0.87\/r) (2) v 

c 0,> 'S=''i^ (11) 

To determine r under the various conditions of opera- ' 

tion, substitutions for k, u and A must be made in (2), From Table I t\ is evaluated: 

which is then solved for rand simplified. ^ r l= 3.9 1 X It)- 10 meters, or 3.91 A. 

For efficient power transduction the slip velocity // . 

must be a small fracton a of the carrer gas velocty u and , i0 From ra»>lc U 8 and M, S is evaluated for hydrogen 

the electric field intensity E must be a maximum. Let gas at standard conditions: 

u=*U, and arbitrarily set a = 0.0l. Set the electric Held $—( L74\ l //* l )/3a=/^=552/5 a -/A: (12) 

intensity to incipient breakdown E=E*. Then the mo- ^ substitution ^ the eraI 

bility* of a charged particle or radius r is: _ solution for /• is: 

k^a(J/E b (3) '' , /■-^/■ I A r .S>=(L74\ l //)(^/i? il ) (13) 

The gas velocity U may be expressed in terms of the From 13 for any gas or vapor, the radius of the singly 

Mach No. of the gas M; the sonic velocity c x of hydrogen or multiply charged droplet is: 

gas H a at standard conditions the absolute temperature =^2160//) (Angstroms) (14) 

T (l , and the atomic or molecular weight ol the gas, m: 1 ■ 

An equation for the radius r A> of the charged droplet 

U—^lcxM^fTJni (4) was obtained by substituting ^ as deMned in the Table of 

The electric breakdown voitafze R h is luven bv: SvmHols. =1.9 I A. in Equation 11: 
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listed efficiency ratios rj k ami rj f at two electric power 
density values W and 10" wnits/mA 

(X) /, the relative i»as cross section was taken from 
Table H. 

(9) S was computed using Kq nation 12. 

(10) The radius r Ai of the charged droplet was com- 
puted using 15. 

TAI1LK IV'.— U AD I US OF THK CUAtttiKl) DROP L KT FOtt EFFICIENT POWK U TRANSDUCTION UN D K U TU E VA RIO US GIVEN 

PARAMETERS 



13 

Equation IS is plotted in FIG. 0 on a log-log scale, for 
''a. vs. <5 a . for various values of X for hydrogen for which 
/— 1. T his equation plots as straight lines of slopes 0 and 
1 for regions defined by Cases I and IT. 

The following table gives the limiting physical con- 
ditions for I to 100 electron charges per droplet. 



Row No. Oils 



Aerosol composition 

luhib- Super- Mach. 

Liquid it.iMl cooled No., M 

Water... No No 0. 0H4 

iio No No o, mi; 

do No No O.OfiO 

....do No No 0. V>& 

. . ..do Yes No 0. 11 

do Yes No 0.JS 

.... do Yrs Mo 0. 0fi;t 

do Yes No 0. Hi 

....do Yes Yes 0. 17 

do Yes Yes 0.44 

....do Yrs Yes 0. 1 

..do Y«\s. Yes 0. -jr» 

....do . No No 0.HS4 

....do No No 0. 

....do No No i). Jr.' 

....do... . No No 0.M5 

...do No No.. . . 0. 1'Jf) 

... do . No No 0. 

do Yes .. No 0. lis 

do.. Yes No 0.71 

....do Yes No 0. Hi 

....do .. Yes No 0,40 

....do .... Yes Y.-s 0. 'Jfi 

. . .do. . . Ye;; Yi'S. ... tilt 



Ueiativo 
density, 



KelaUvo 
electric 
hkdown 
strength. 



Relative 



Power 





molecular 






density, 


IMutron 




X 


cross 






watls/m.-, 


charges/ 


Droplet 


section, / 


'ft 


7f 


1* 


drop, N 


radio:?, r A 


13. 4 


1.H5 


1.0 


o.ot 


10» 


I 


I, 110 


s. \ 


1. HS 


1.0 


0.0 1 


10* 


1 


'JS4 


14. 1 


1.0 


1.0 


0. 01 


10* 


I 


85 7 


H. II 


1.0 


1.0 


0. 01 


10' 


I 


Jill 


Hi. r> 


1. SJ) 


1.0 


0. 01 


10«J 


t 


r.V) 


10. 1 


1. H. r > 


1.0 


0. 01 


10< 


t 


1«J:» 


ir». 4 


1.0 


1.0 


0. 0L 


10« 


I 


4H;i 


\K 7 


1.0 


1.0 


0. 01 


lfl< 


1 


1'JO 


-'3. 0 


1. Sfi 


1.0 


0. oi 


10* 


I 


40S 


14. :i 


1. S.1 


1.0 


0. 01 


101 


I 


1'J'J 


:m. 2 


1.0 


1.0 


0. 01 


KV 


t 


-YiH 


i:t. t 


1.0 


1.0 


0.01 


10' 


1 


01 


rj. ;i 


I. sr> 


1.0 


0. 01 


lO'i 


10 


11. 140 


jn. r> 


i . sfi 


1.0 


0. 01 


1 01 


10 


•J, MOO 


H. 4 


i. sfi 


0. 1 


0. 1 


1(V> 


1 


'JH4 


fi. !j 


I. 85 


0. 1 


0. t 


10" 


I 


SI 


S. 0 


1.0 


0. 1 


0. 1 


10" 


1 


'J-Jt 


.1.7 


1. 1) 


0. 1 


0. I 


I0< 


I 


tY£ 


10. 7 


l,H. r > 


0. 1 


0. 1 


H)« 


1 


'J07 


fi. .1 


i. nr, 


It. 1 


0. 1 


1 01 


1 


r>K 


!f. 7 


l. 0 


0. 1 


0. 1 


10* 


I 


Kin 


0. 1 




0. 1 


0. 1 


101 


I 


43 


Kt. 4 


1.0 


0. 1 


0. I 


101 


1 


Of 


H. 4 


I.I) 


0. 1 


0. 1 


10< 


1 


41 



I Air.... 

- Air.... 

;t H;.... 

4. il;.... 

5.. Air.... 

0 Air.... 

7 !!:.-.. 

S H?_... 

0 Air.... 

10 Air.... 
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rj H . . 
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1. fi Air.... 

Hi Air 
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TA11LK III. -UANOKS OF VAMJKS OK X AVr'HMt M 
I.' A 11 AM ICTKUS 



V;iriahlc Symbol Min. Max. 



—— — ,j- 

Rrlative uas density A. l l.ooo.n 

Relative molecular radius / 0. <>;t fi. o 

Temperature T, 1 0 

Much No M fiX 10-3 i.o 

Slip <t IXIO" 3 'JOX10* 1 

Itelalivt: electric intensity at. break- hK I f 
down of chained aerosol r,a.s. 

Number of charnes/particle N I H.OOrt -10 

h ivN I 7. 'JX10' 

rtMT, fiXU)-< 1 

hKiVlaMT* X» t 1.4X10' 

(bKNI,*;\fT n )*r- X I l.'JXHH 



In Table IV the optimum radius of singly charged drop- 
lets for ellicient power transduction under various opcrat- <t - 
ing conditions is computed for various operating condi- 
tions and for the various compositions of charged aerosol 
gas listed. 

Various values for the listed variables were used, and 
the calculations were made as follows: r ){) 

(1) MC, the electric field intensity at incipient spark 
breakdown, for the charged aerosols listed, arc given in 
the tabic. 

(2) T (l r=2(600° K. or 327° C), the temperature. 

(3) M, the Mach No. computed for the sonic vcloci- 55 
ties of air and hydrogen gas at temperature T a =2, which 
are : 

C alr =347 V2=490 m./sec. 
C H 2=1330 \/2=T880 m./sec. m 

The first factor is the Mach No. of the gas at 300° K. 
taken from standard tables. 

(4) a, the slip factor was taken as a—5x 10~- or 5%. 

(5) The charged particle was singly charged, N=l, 
except as otherwise noted. <J5 

(6) The parameter X 2 was simplified using the values 
for T [l( a and N from 2, 4 and 5 respectively: 

X*=bKN/aMT a = WbK/M 

This simplified expression was used to calculate X, 70 
except where N> I. 

(7) Corresponding values of the MacH No. M and 
the relative gas density o a were taken from Table III, 



FIG. 9 shows curves on a log-log scale for charged 
droplet radius r versus relative gas density <> Ut for the 
parameter X from I to i 000. The curves fall into well 
defined regions designated as Cases I through V, as herein- 
after described. 

Cases I through V consider the radius of the charged 
aerosol droplet /• as a function of the relative gas density 
fi tx for a wide range of variables which arc lumped in 
the parameter X. 

These variables are defined by X^(bKN/<xMTJ v \ The 
value of r versus 5 tl depends on the choice of these vari- 
ables. When the choice of these variables and S n is made 
for ellicient operation, then these curves determine an 
optimum radius r for the ^iven values of N, and hence 
determine the optimum ratio (r/N) for these conditions. 
The choice of values for these variables is determined by 
optimum operating conditions previously established and 
disclosed in the aforementioned copending application. 

Case I 

From the definition of S: 

S 2 »l (16) 
^1/5 

Applying conditions 16 to general Equation 13: 

r^r^r^NhK/aMTJ^ (17) 

Using U and expressing /• in A.: 

r A -3.91X Angstroms (18) 

tn the Case I region, by 18, /■ is proportional only to 
the parameter X. 
Condition 16 implies from 12 that S^I0'\ and that: 

6V/^175 

From 18 and 19 for a hydrogen gas carrier, in which 
/ - i, the boundary line AB is given by: 

(20) 

The Case 1 region is thus hounded by the straight line 
AB plotted from 20, forming a triangular region OAB 
characterized by small values of relative gas density 5 a * 
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within the region, and independent of gns composition 
and density. 

For a given operating condition and its corresponding 
optimum ratio, a singly charged droplet has the smallest 
radius. 

Whore a growth process is involved, a singly charged 
droplet is more quickly grown to attain the optimum 
ratio. The smallest radius occurs under conditions yield- 
ing the smallest values of X, which requires /V-^. Small 
values of X down to about 3 occur in the Case 1 region. 

Case I is of great importance since it establishes the 
conditions for the utilization, of charged droplets of small 
radii, at small relative gas densities. Charged droplets of 
small radii are more readily grown and small gas densities 
are more readily attained. 

An example of efficient operation in the Case I region 
is shown in row 24, Tabic IV, and also in FIG. 9. In 
t'his example there is shown a singly charged droplet of 
small radius, r-4l A- , A'--S.4; f v ^ 14; a power density of 
10< J watts/m.-; Vlach No. of about 0.6; highly inhibited 
and supercooled hydrogen or helium; and the elevated 
temperature of 600* K. or more 

The Case II region is next defined and discussed: 

Case II 



From the definition of S: 

From 12, 13 and 21: 

r A ..-= 1.42.X UV ■- /A'- o t 



hence from 



From 15 for 



*=1 



r A . = 2 t-60/5 a 
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(21) 



(22) 
!2 the 



(23) 



(24) 



Condition 21 implies that 5<0.1 
lower bound is given by: 

8 n - FX --=11 50 

From 23 for hydrogen gas, where /— I 

Ar-3 (l .-=!750 

FIG. 9 shows the triangular region CCD for Case il. 
fn this region, for a given gas composition at constant X, 
the radius r is proportional only to the relative gas density 
d w and may be plotted as a series of straight lines with 
a slope— I, with ihc line CD as the lower bound, 'the 
line CD from 22 and 24 is defined by: 

VA-4.32X104 (25) 

The Case II region applies in most instances to multiply 
charged droplets, usually of large radius. For droplets 
from 200 to 10 4 A , and relative gas densities of 5 to 200, 
X varies from about 10 to 400. Taking bK= 1, a^=0.05, 
T 0 ^2, then: N—X 2 /20. Hence the maximum number of 
charges per droplet is about yV=8000 for a radius of about 
10V or 

The Case III region is defined as the area between the 55 
lines AB and CD. The Case III region is thus intermediate 
between Cases I and II. A useful line EF in this region is 
defined by ^= I for which the equation is: 

Case III 

5=3 % = 1.73 



Case rV — Optimum power transduction under 
atmospheric conditions 

Optimum power transduction using a charged droplet 
under atmospheric conditions requires a small slip factor, 
taken herein as 2.25%. The following conditions then 
obtain: 

«--2.2jX 10-2 
M~Y 2l) (-17.3 m./s.) 
/r=1.85 (for air) 
L— 10 ' 2 m. — 1 cm. 
3 a -- 1 ( 1 atmos.) 

T a =l (300° K. or 27° C.) (29) 

The sonic velocity for air at 300° K. and 1 atmos.=347 
m./sec. 

Under the given conditions, it is now required to find 
/ A . at a function of N ; and {r Am /N) as a function of N. 
Under these given values in M: 

/■ A . = 1167^ (30) 
Substituting these given values into X~(hKN/aMT a ) ,li 
,Y=(890AO*=29.8AP* (31) 
Using these given values and substituting 31 in 12, there 
is obtained: 

S^IO/N" (32) 
From the definition of and from 30 and 32: 

i' A .-II67 (/V/H)t))(H-v / TTi00V^) (33) 
The Table V has been computed using 33: 
t.\hi,k v 

[ Il.iiihis r a ,, im;i ItnLlo (r\ /N) v.s. .V, optimum mdius mid ir.Llo nf clmriM 
dropkt.:; fur nltidont puw.-r (.nmsdiietiou in utzimsplifi'lu :ilr »L u wind 

Vi.loiMt.y n{ I7.;t III.,':;. l.'U.it itl.p.ll.)] 



to 
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50 



i)0 



(26) 
(27) 

(28) 



The line EF shown in FIG. 9 represents points on the 
line defined by 28. 

The line EF passes through the r, 5 a curves where they 70 
change fronvslope— 0 (Case I), to slopc= I (Case II). 

Table IV shows that the Case III region contains most 
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For Case IV conditions, air density is 1.3 kg./m, 3 . For 
a gas velocity of 17.3 m./s. (wind velocity), the maximum 
electric power density is about 3 kw./m. 2 . Assuming 33% 
efficiency, an electric wind charged aerosol transducer in 
atmospheric air will supply an electric power density of 
1 kw./m. 2 . 

Case V — Large molecule case 

Large molecules, or molecular aggregates, which are 
preferably singly charged range from about 4 to 40 A- , are 
within the Case I region, but constitute the special Case V. 
Small singly charged droplets also fall in this range. These 
may be growing to Attain a still larger size. 

From 18, X varies between about 1 to 10 for values 
of r A . from approximately 4 to 40 A .. 

The lower bound of a singly charged large molecule 
capable of elficient power transduction is one having about 
4 A . radius for which X~A. An atomic diameter is about 
1.3 A. A molecule of 4 A. radius is equivalent to about 6 
atomic diameters. If the molecular structure is planar 
and fully packed, the large molecule will comprise 36 
atoms; if cubic and fully packcd t up to 216 atoms. Such a 
structure might comprise a crystal having a repeating 
atomic pattern which, because of its small size, is termed 
a microcrystal. 
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subsequently evaporated, leaving behind the small singly 
charged large molecules, colloidal or macrocrystalline ag- 
gregates. Alternatively, the submicron particles may com- 
prise a sot of one liquid of low vapor pressure immiscible 
in a larger droplet of a liquid of higher vapor pressure. 
An example is a metal sol, for example, microdroplets, 
about 100 A. of mercury or gallium suspended in water 
droplets of 5000 A. radius. 
The conditions for Case V arc: 

bk — I 
/V = l 
1<A'<I0 

A'/..v0.5 

The temperature is computed for this case from condi- 
tions 34, the definition of X. and IS: 



T. x — 31/ «7* A - 



The Equation 35 yields the result that singly charged 
molecules or aggregates of a small radius of about 4 A. 
require a high temperature and large slip; for example 
1800° K. and 33%, while larger singly charged aggre- 
gates of about 40 A. may operate at a moderate tempera- 
ture with negligible slip. 

At high temperatures, large gas velocities are obtained 
a I. a small Maeh No.; for example, at IS00" K., 7\ t -=6. 
A7-0.5; hydrogen gas has a velocity of 

0.5 X 1330V6 - -- 1640 m./sec. 

Thus, having a small radius, a singly charged molecule 
or aggregate may be used with enough temperature and 
relatively large slip; whilst the larger singly charged 
aggregates are preferred since they operate tinder mod- 
erate conditions with negligible slip. 

Since Case V falls within the case i region, X is almost 
independent of This is particularly true where A'<3, 
for which X is almost constant for a relative gas density 
from about I to 100. 

IT PCTRICAF, DISRUPTION OFOHARGFD 
DkOWT.TS 

Tor a charged droplet produced by electrical disrup- 
tion, N. thfc maximum number of electron charges for a 
stable sphere of radius r is: 



lets of radius less than 25 A. and having less than about 
16 charges. With a larger droplet, the ratio will decrease 
to less than I. For r A .= l() 3 A. the ratio is 0.25. For 
r x ^J0' 1 A.-^ It ihe ratio is 0.08. 

Referring to Table IV, droplets of larger radius for 
example 1000 A. may be used provided they have a ratio 
of about 1000 A. /electron charge. For this radius this 
ratio is 401)0 times that normally produced by electric 
disruption of a charged droplet at room temperature. 
I 0 For a multiply charged droplet produced by electrical 
disruption, however, the ratio increases as the tempera- 
ture increases. This is because its surface tension de- 
f34 , creases with temperature, at temperatures and pressures 
less than critical; but as the boiling or Hash point of the 
!5 liquid droplet is approached, the internal pressure and/or 
vapor pressure within the drop is an additional cause for 
disruption. This internal pressure also opposes the co- 
hesive effect of surface tension. Moreover, as evaporation 
proceeds with a multiply charged droplet, tiie droplet 
'JO radius decreases but the charge remains constant, until 
electrical forces cause the droplet to become unstable 
and to disrupt, providing many charged droplets of small- 
er radii with the charges divided amongst them. Thus the 
ratio may be increased by the various processes herein 
discussed for augmenting droplet disruption. 

The variation of surface tension with temperature is 
known for various liquids. An empirical formula due to 
Van der Wnals is: 



(35) 



-A[\-(T/T C )\" 



(40) 



36; considers, for a multiply 



(3f>) 
(37) 

The Hquation 36; considers, for a multiply charged 
droplet, the balance of cohesive effect of surface tension 
and the disruptive effect of the electrical repulsion due 
to surface charges. 

As the temperature of the charged liquid droplet in- 
creases, the surface tension decreases, and the thermal 
agitation of the molecules of the charged droplet in- 
creases. Further disruption of the charged droplet results, 
and its eharue is distributed over many smaller droplets. 

Using the value of 0.073 newtons/m. for 70 the surface 
tension of water at 20° C, and expressing the water 
droplet radius in Angstroms, the maximum number of 
electron charges per droplet at 20° C. is: 

N=sr A . :l ' 2 /8 (38) 

For a charged droplet of a radius r A .-U or 10 4 A., 
formed by electrical disruption at 20° C, there arc thus 
1.25 XlO 5 electrons per droplet. The ratio is then from 

38 ' (r A ./iV) = 8/r A . ,A (39) 

According to liquation 39, a droplet with a ratlins of 
64 A. will have a ratio of only t, which requires 64 elec- 
tron charges. With a droplet of smaller radius, for Exam- 
ple 9 A., the equation predicts that the ratio will be 3 
or about 3 electron charges. However, only I electron 
charge 'per droplet is possible below 25 A, Hence it ap- 
pears that Hquation 38 is not applicable to charged drop- 



where A and \\ are constants. 

For water, the critical temperature r c ~647° K. at 
217.5 atmospheres. Fquation 40 becomes: 

7o -75.f>X 10 :i l I — (77647) 1 1 :: newtons/m. (41) 

Fquation M shows that the surface tension decreases 
with temperature and approaches zero as the droplet tem- 
perature approaches the ethical temperature. At this point 
the charged droplet evaporates from the liquid to the 
m vapor state. One or a few charges then reside on the vapor 
molecules. 

The presence of a single charge on the droplet greatly 
stabilizes the droplet even under otherwise superheated 
vapor conditions. As the temperature and superheat in- 

If) creases, evaporation of liquid from the charged drop 
will occur until equilibrium is reached at a smaller radius. 

A droplet formed at a low temperature \\ has a stable 
radius and Ni electron charges corresponding to a 
surface tension value of 7t at that temperature. If the 

:>u temperature increases to T^, then the surface tension 
decreases to y«. The droplet will now only support a 
smaller number of charges N\ The excess number of 
electron charges [Ni — N') produces an excess electric 
force of repulsion which disrupts the droplet into n 
smaller droplets with an average charge N : >: 

N 2 —N i /n (42) 

The volume of the droplet is proportional to r 3 , hence 
n, the number of droplets of radius r« produced by dis- 
t!0 ruption from a droplet of initial radius r ly is: 

'»=(/- t //- 3 )3 (43) 

Hence the new ratio (r«/N«) in terms of the old ratio 
d't/Nt) is from 42 and 43: 

' ir> (V/Va^^AV,)* 2 ' 3 (44) 

From 44 for t electron/drop Ni~n: 

r^r./N^ (45) 

For example, a charged droplet has a radius 

n = lf*=l0 4 A. 

and has /V - 1.25 X 10 5 electrons. 

The initial ratio ( r v 'N) —0.08 A. /electron is too small. 
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If tin's charged droplet is then disrupted into n ■ N drop- 
lets the radius r 2 is found from 45: 

: 1 ()•>/( 1.25 X I0 !i ) 1/3 --- 10750 — 200 A. 

It has been shown that a charged droplet which has a 
small ratio, such as 0.08 A. /electron charge, is not suit- 
able for effective power transduction. In tin's example, 
however, the disrupt ion process produces charged drop- 
lets with a ratio of 200 A. /electron, which has the re- 
quired order of magnitude for efficient power transduc- 
tion. 

A large electric field intensity in the formation and 
charging region may produce an induced dipolar electrical 
force which elongates and tears the droplet apart. This 
may occur during the "Intense Electric Field Process." 

The structures shown in FIGS. 1 through 7 arc minia- 
ture for the 50,000-500,000 volt range at electric power 
densities from I to 10 kw./cm.-. For example, for 10 kw./ 
cm.", the distance L between the charging electrode and 
the collector electrodes is about. 1 mm. for an output volt- 
age of about 100 kv., and a current density 0.1 amp. /cm.-. 
In this case the charging and formation of the charged 
aerosol takes place in a space of about l /z mm. upstream 
of the throat entrance, at about 500 m./sec. During this 
time the singly charged aerosol droplets must attain an 
optimum radius, for example of about 60 A., in a. time 
of about I microsecond. In the condensation process, for 
growth to the optimum radius, since time is the important 
factor, only singly charged particles may be used, Small 
charged particles of optimum radius may also be pro- 
duced in a microsecond by an electrojet process herein- 
before disclosed. 

EFFECTS OF DIPOLAR PARTICLES 

When conductive dipolar particles of length a arc orient- 
ed by the electric field parallel to the How axis in the 
conversion space, induced dipoles are produced. Induced 
di poles arc related to the dielectric constant by the well 
known formula: 

(„_!)<> f-2) ^(4ir/3)/w 3 

Solving Equation 46 for k: 

[ 1 + ( Stt/3 ) mi* (-'[I- ( 4,r/3 )na 2 \ 

The dielectric constant increases rapidly as the denomi- 
nator of 47 approaches 0. In the limit: 

/!«•"» -.y»ir-.- 0.239 (48) 

For a current density /, the number of singly charged 
particles per m. :I is given by the following: 

«=( \/c)(i/U) 

k = 6.25x I0 lf H'/t/) particles/m. 3 

From 48 and 49: 

Evaluating 5 1 and expressing a in A.: 
fl A =3.37xl0 3 (C//O 1/3 
EXAMPLE 

Given: 

i=1.35xl0 4 amps./m. 2 (1.35 amp./cm. 2 ) 
U=500 m./sec. 

Find: 

( 1) a, the dipole length 
(2 ) n, the number of particles/m. 3 

Answers: 

(1) From 52: 
</ A =3.37xl0 3 (500/l.35x 104) 1 / 3 
^=4120 A. 

(2) From 50: 
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(49) 
(50) 

(51) 

(52) 



(46) 



(47) 



The following equations for peak voltage V. and power 
density p, as a function of the length of the conversion 
space L, current density /. and velocity gas charged 
aerosol, are given in columns 7 and S of U.S. Pat. No. 
_ 2.638,555, in which k was taken as unity for a no rid i polar 
* f charged aerosol gas. The revised formula for the voltage 
V given herein takes into account a dielectric constant 
greater than unity: 

V-^iL-/2 l <f f) (53) 

10 The new formula for power density also includes the 
dielectric constant: 

/W-//-/2*e 0 ^ (54) 
From 53 and 54 it follows that relative to k --T for a 
j ;i given power level, the current density is increased by 

V* and the output voltage decreased by \fn. 

The dielectric constant may take on any value in ex- 
cess of 1, For example, the dielectric constant of water is 
SI. Under certain conditions approaching the limit 4X, k 
may exceed l() 3 . Certain crystal materials may have a 
dielectric constant of several thousand. 

In most dielectric media containing dipoles, the increase 
of dielectric constant due to the dipole eifect is a result 
of dipole alignment and a charge displacement which 
occurs in the molecules of a liquid or crystal structure. In 
the present case, the charge displacement occurs in the 
oriented rod-like conductive particles. The result, how- 
ever, is the same. 

Tiie dipole effect may be obtained with spherical parti- 
cles as well as with rod-like particles. However, the spher- 
ical particles have a much greater volume than rod-like 
particles. The extra volume does not contribute to the 
dipole effect. The dipole eifect is thus preferably obtained 
with a thin rod-like particle, for example, having a length/ 
width ratio of between 10 and 100; because the greater the 
length/ width ratio, th smaller is the proportion by vol- 
ume and by mass of the dipolar particles. 

If, for a given power density, the dielectric constant K 
.-in for the charged dipolar particles in the 

conversion space —900 

the current density is increased by a factor of 30. and the 
output voltage decreased by a factor of 30. Alternatively, 
using the same voltage and current density the length of 
the conversion space may be increased by \/k. 

A low voltage, high current charged aerosol generator 
is needed for many applications. Charged dipolar particles 
of appropriate length and number per unit volume, as 
hereinabove described along with the principles herein- 
above described, provides this result. 

RESULTS OF ANALYSIS 

The preceding mathematical-physics study has enabled 

5-> the following conclusions to be drawn relating to the 
optimum ratio of the charged particles, as a function of 
the operating conditions: 

(a) Charged droplets having an optimum ratio and the 
least radii are obtained with single charges. 

fit) (b) The optimum ratio is a function of the electric/ 
kinetic power conversion ratio, ij k . This is shown in Table 
IV, rows 1 through 12, where for ^=1, the optimum 
singly charged droplet radius varies from 91-1110 A. 
for diverse charged aerosol-gas compositions and states. 

iW5 Charged droplets having such ratio may be produced by 
an electrojet process, as hereinbefore described. In rows 
15 through 24, where for 7^=0.10 the optimum radius for 
a singly charged droplet varies from 41-284 A. For these 
smaller optimum ratios, the condensation or electrojet 

70 processes may be used as hereinbefore described. The 
optimum ratio decreases by a factor of 1.5 to 3 when the 
ratio 7j k is decreased by a factor of 10. 

The reason for the decrease in optimum ratio as j/£ 
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kinelic power to electric power. As the electric field in- 
tensify is decreased, the slip of the charged droplet is 
decreased unit a smaller radii will suflice. 

When operating with a gas llywheel cycle or with series 
stages, a smaller electric/kinetic power ratio can he 
utilized without detriment to the overall efficiencies. 

(c) The optimum ratio is a function of the electric 
power density. With greater electric power density the 
gas velocity (Mach number) is larger and the relative 
gas density is smaller. Electric power densities of 10" 
watts/ m.- require singly charged droplets from 41 to 
284 A. Electric power densities of I0 d watts/ m.- require 
singly charged droplets of radii from 195 to 1 110 A. 

The optimum ratio decreases by a factor of 2 to 4 limes 
with an increased electric power density of 100 times from 
10* to I0 il \vatts/m.~. These trends appear even though 
the relative electric breakdown strength of the gas varies 
from I to 9. The greatest electric power densities, for 
example 10 u watts/m. :: may result in Case [ operation 
(see row 24). 

< d ) • A smaller range of the optimum ratio from 41- 
8 1 A. electron charge is obtained with ;i combination of 
/; and c; that is, a small electric/kinetic power conversion 
ratio of 0.1, and large power density of H) 11 watts/ m.-\ 

(e.) Under Case 1 conditions, usually at relative gas 
densities from 8 to 15. the optimum ratio is small (40 
lo 80). particles are singly charged, and the optimum 
ratio is independent of gas composition and density in 
this range. 

(f) Under Case IF conditions, usually at relative gas 
densities from 15 to 300, the optimum ratio is propor- 
tional to relative gas density, the gas molecule cross sec- 
tion, the electric breakdown factor: and inversely pro- 
portional to slip, Mach No. and absolute temperature. 

(g) Most efficient operating conditions at any relative 
gas densit y usually fall in a Case IT I region, which is be- 
tween Cases [ and JL 

(h) Case IV refers to power transduction at atmos- 
pheric pressure. Under atmospheric conditions a power 
transduction of about 10 :I watts/m.- may be obtained at 
33% efficiency with an optimum ratio of 128 for singly 
charged particles; to a maximum optimum ratio of 23 
for large multiply charged particles. 

(i) Case V refers to power transduction under condi- 
tions utilizing small singly charged molecules or particles 
of a radii of 4-40 A. which may be used at temperatures 
from 1200-1800 K. (TV— 4 to 6) and slip factors up lo 
33%. 

(j) For a charged aerosol comprising air and water, 
with no inhibitor, and no supercooling, operating at an 
electric power density of 10 ,{ watts/ m.' : , row 16 of Table 
IV shows that a singly charged particle having a radius 
of 81 A. is required, at a relative gas density 95 and a 
Mach No. of 0.535. tn row 18 of the same table, a charged 
aerosol comprising for hydrogen gas and water, with no 
inhibitor and no supercooling at a relative gas density of 
120 and a Mach No. of 0.313, a smaller singly charged 
particle of 62 A. radius is required. These conditions are 
important because they can be realized with an ordinary 
carrier gas without an inhibitor and without supersatura- 
tion. 

(k) By employing dipolar particles of appropriate 
length and concentration, the dielectric constant k may 
be greatly increased. For constant powerjmtput, the cur- 
rent density is increased by a factor of \Jk\ and the voltage 
is decreased by a factor of the V«- Alternatively, for the 
same voltage and current, the length of the^ conversion 
space may be increased by a factor of the \Jk. 

The various processes disclosed herein may now be 
employed by those skilled in the art, to achieve the opti- 
mum ratio's disclosed hereunder for various conditions 
of operation, as well as a larger dielectric constant for 
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Having thus fully described the invention what is 
claimed as new and desired to be secured by Letters 
latent of the United States is: 

1. A power transducer comprising a conduit for a mov- 
_ ing gas, a source of gas connected to said conduit, means 

to introduce a fluid into the conduit, a source of tluid 
. connected to the introducing means, a charging electrode 
spaced from the fluid introducing means and downstream 
thereof, a source of potential difference connected between 
the charging electrode and the lluid introducing means to 
establish an electric field between the charging electrode 
and the fluid introducing means, whereby gas entrained 
charged droplets are initially formed within the conduit, 
means including varying the thermodynamic and electrical 

I,-, conditions and the composition of the fluid to modify the 
charging and formation of the initially charged droplets 
so that the ratio of droplet radius to the number of charges 
per droplet is an optimum ratio for ellicient power trans- 
duction, a power conversion space to receive the modified 

*20 droplets, the said charging electrode being at the entrance 
to the conversion space, a discharging electrode at the 
exit to the conversion space to discharge the modified 
charged droplets, and an electrical circuit connected be- 
tween the discharge electrode and the lluid introducing 

jr> means. 

2. A Jevice according to claim 1. in which the fluid is 
coniained within a tube at a low temperature whereby 
multiply charged droplets are initially produced and in 
which the carrier gas is at an elevated temperature, said 

:n> droplets being introduced into said carrier gas, thereby 
increasing in temperature within the carrier gas stream 
and decreasing their surface tension causing them to dis- 
rupt to form smaller charged droplets. 

3. A device according to claim I in which the said 
:<■"• lluid is introduced as a liquid at high pressure and tem- 
perature, and wherein said carrier gas is near the same 
temperat tire and at a lower pressure, whereby the multiply 
charged droplets which are initially formed within the 
carrier gas are Hash disrupted into smaller droplets and 

10 their charge divided amongst the many smaller droplets 
each havinjlan optimum ratio. 

4. A device according to claim I wherein the lluid com- 
prises a low boiling and a high boiling lluid component 
which initially produces multiply charged droplets where- 

4~> by upon evaporation of the low boiling component smaller 
droplets of the higher boiling component of optimum 
ratio are produced. 

5. A device according to claim 4 in which the low 
boiling and high boiling fluids are acetone and water 

; ~> ( > respectively, 

f>. A device according to claim 4 in which the low boil- 
ing and high boiling fluids comprise a low boiling alcohol 
and water respectively. 

7. A device according to claim 1 in which the fluid con- 
• r> 5 tains a surfactant. 

8. A device according to claim 7 in which the surfactant 
ft no n ionic. 

9. Tn a device according to claim 1, in which the fluid 
contains aggregates, whereby an initially multiply charged 

*> ,} droplet containing small aggregates is produced, the fluid 
of said droplet evaporating to leave smaller charged ag- 
gregates of optimum ratio dispersed within the carrier 
gas. 

10. A device according to claim 9 in which said aggre- 
f ' : ' gates arc microcrystals having dimensions between 50 A. 

to 5000 A. 

11. A device according to claim 9 in which said aggre- 
gates are polymer macromolecules. 

- () 12. A device according to claim 1 in which the initially 
' multiply charged droplets comprise a fluid containing an 
immiscible fluid component as a suspension of submicroa 
dronloN of a hi<?h hnilinrr immisrihle liumd within a low 
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smaller charged droplets of the said high boiling liquid 
which have au optimum ratio dispersed in the carrier gas. 

13. A device according to claim *) in which said aggre- 
gates arc uxf-like in shape and have a length/width ratio 
exceeding 10 to I, comprising charged dipolar particles . 
dispersed in I fie carrier gas. 

14. A device according (o claim 13, in which the 
charged dipoles arc oriented within said conversion space 
by the electric field therein, whereby a larger dielectric 
constant, u is obtained, and whereby t : or constant power 
density the voltage is decreased by a factor of \A, and 
the current density is increased by a factor of v\*. 

15. A charged aerosol power transducer according to 
claim »3 in which the charged aggregates comprise dipolar . 
charged particles, said dipolar charged particles being '* 
oriented parallel to the How axis of the conversion space 

by the electric held therein thereby producing a charge 
displacement within the said dipoles whereby the effective 
dielectric constant. \- is increased. . 

16. A charged aerosol according to claim 13 containing 
n charged dipolar pa nicies/ unit volume each of the length 
>t units, in consistent units, means to increase t he dielectric 
constant w comprising selecting n and u such that the 
product itft 1 approaches but does not exceed {-Vnr). ,,- 

(7. A device according to claim 1 in which the gas is 
a relatively cool carrier gas flowing through the conduit, 
the tluid introducing means comprises a first ;md a second 
fluid introducing means «aid first fluid introducing means 
containing a superheated vapor at elevated temperature ; . () 
and pressure within suid conduit, a charging electrode 
downstream of said fluid introducing means, a source of 
electric potential connected between the charging electrode 
and the fluid introducing means to apply an intense elec- 
tric field therebetween whereby a corona discharge is :V} 
produced, the second fluid introducing means disposed 
upstream of s;iid first fluid introducing means, said second 
fluid in I rod i icing means containing a superheated vapor 
at. e lev: i(ed temperature and pressure which is introduced 
into t ho carrier gas, said carrier gas being at a somewhat in 
lower temperature and pressure, whereby said vapor from 
said first fluid introducing means within said corona forms 
small singly charged particles within supercooled vapor 
from said second flmd introducing means whereby said 
small particles are caused to grow to obtain an optimum 45 
ratio. 

18, A device according to claim 17 in which the carrier 
gas temperature so exceeds the fluid temperature that the 
multiply charged droplets initially formed from said first 
fluid introducing means are evaporated and disrupt into 60 
smaller charged particles but in which said carrier gas 
contains a vapor capable of condensing upon the particles 
to produce by growth condensation charged droplets of 
optimum ratio. 
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19. A device according to claim 1 in which the fluid is 
introduced at the critical temperature and pressure of said 
fluid into a carrier gas at lower temperature and pressure 
so that charged droplets are formed within said carrier 
gas having an optimum ratio. 

20. A charged aerosol power transducer device accord- 
ing to claim I in which the charging electrodes are 
pointed, and the said charging electrodes emit a corona 
of opposite sign to that of the charges of the multiply 
charged droplets, and whereby the ions from said charging 
electrode collide with and partially neutralize such multi- 
ply charged droplets whereby said droplets attain an opti- 
mum ratio, 

21. In a device according to claim .1 in which the fluid 
contains large molecules having a radius between 4 A. 
and h() A. whereby a charged aerosol gas entrained mole- 
cule having :i single charge thereon is formed, said charged 
aerosol operating at Much No. 0.5-0. S, temperature in ex- 
cess of 1200° K, and a slip between IO-33',7>. whereby 
(lie optimum ratio of radius of the said large molecules 
pet charge is achieved. 

22. A device according to claim 21 in which said large 
molecules .oe singly charged ]'iom a corona, and wherein 
said large molecules are intermixed with the carrier gas. 

23. A device according to claim 21 wherein said mole- 
cules are charged by a fluid introducing means comprising 
a lube having an or i! ice. said molecules being carried by 
the fluid -vidua a tube leading to said orifice, and moving 
into a corona downstream of the orifice. 

24. A device according to claim 23 in which the fluid 
within said lube contains large molecules, and in which 
said carrier fluid is caused lo evaporate upon leaving the 
tube, whereby die charged large molecules remain dis- 
persed within the said carrier gas. 

25. A device according to claim 13, in which the 
charged dipoles are oriented within said conversion space 
by tiie electric field therein, whereby the voltage is de- 
creased and ihc current density increased, 

2C>, An elect rothermodynamic working substance com- 
prising an anisotropic charged aerosol containing a sus- 
pension in a carrier gas of charged dipolar particles ori- 
ented in an electric field. 

27. An cicctrothermodynamic working substance ac- 
cording to claim 26, in which the charged dipolar particles 
have an optimum ratio. 
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